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AN ADULT POPULATION OF LESTES DISJUNCTUS 
AUSTRALIS WALKER (ODONATA: LESTIDAE)' 


GeorceE H. Bick 


Saint Mary’s College, Notre Dame, Indiana 


Juanpa C. Bick 


ABSTRACT. An isolated population of Lestes disjunctus australis Walker was 
studied in the adult stage during 2 summers by counting and observing marked and 
unmarked individuals at water during all daylight hours on 12 days and between 
1600 and 1800 on 32 days, 9 of which were successive. Peak emergence was in early 
June and maximum number of mature individuals in late July. Newly-emerged 
adults left water for a mean of 13 days and were reproductive on the day of return. 
Mean reproductive span was 10 days, maximum 50. Recoveries of matures and of 
males were much higher than of tenerals and of females. In spite of an approxi- 
mately 1:1 sex ratio at emergence, 86% of all individuals at water were paired 
and unpaired males; unpaired females were never more than 1%. Females came to 
water on fewer hours of any one day than males and on fewer days during their 
total reproductive spans. Movements of males to and from water were more complex 
than mass morning arrivals and late evening departures as is commonly presented 
for the Order. Thirty-three per cent of the males were present for the entire day, 
32% left by noon but returned in the afternoon, and 7% were present in the morn- 
ing only. By 0800, 72% of the males in the vicinity of the pond were at water. In 
the afternoon an additional group of males (20%) and 78% of the females arrived, 
resulting in maximum numbers and mating around 1700. These movements could 
not be correlated satisfactorily with temperature, light intensity, relative humidity, 
or wind velocity. Males visited the pond quite regularly but seldom mated. Females 
came more infrequently but usually mated. Because of this reciprocal relationship 
mean number of mating days per reproductive span in males (1.2) and females (1.7) 
was similar. Mean time in tandem for 81 marked individuals was 60.2 minutes. 
Duration of actual copulo was 6-19 minutes. Moderate sector localization occurred. 
Intraspecific interactions between males were infrequent and each male usually 
maintained a single Eleocharis stem by passive occupancy. Brief notes were recorded 
on distance from water, under-water oviposition, predation, and feeding. 


Various aspects of behavior of adult odonates are reported by Borror 
(1934), St. Quentin (1934), Moore (1951, 1952, 1953, 1954, 1957), 
Corbet (1952, 1956, 1957a), Jacobs (1955), Buchholtz (1956), and 
Kormondy (1959). However, little consideration has been given to 
diurnal fluctuation, frequency at water, frequency and duration of 
mating. The present work is a study of an adult population of the 
zygopteran, Lestes disjunctus australis Walker, with emphasis on 
these aspects. This species was selected because its large size, frequent 
perching, position of wings at rest, and slow flight made possible ready 
field recognition of individually-marked specimens as well as accurate 
counts of all individuals at water. 


1 The work was done at the University of Oklahoma Biological Station, Willis. 
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The study was conducted during the summers of 1958 and 1959 in 
Marshall County, Oklahoma, at Eight-Mile Pond, a small pasture 
pond 8 miles north of Willis and 10 miles northwest of the University 
of Oklahoma Biological Station. This artificial pond in an area of 
gently rolling pasture land of black, calcium soil, is tear-drop in shape, 
and approximately one-fourth acre in area. Drainage in the immedi- 
ate area is from the narrow west side where run-off collects to the 
wider east side bordered by a low earthen dam. The bottom was very 
soft and muddy. The depth was mostly less than three feet with a 
maximum of five. The pond's exact age is not known but a good stand 
of Eleocharis macrostachya extended two to five feet into the water 
and almost completely encircled the margin in 1957. This zone be- 
came progressively more interrupted in 1958 and 1959, and by August 
6, 1960, emergent stems of Eleocharis were absent. A small amount 
of Chara was present in 1957 but thereafter submergent aquatics were 
not noted, Herbaceous prairie vegetation surrounded the pond except 
for a single Salix and two Crataegus bushes. The pond was heavily 
utilized by cattle in 1958 and 1959 and turbidity was very high. 

Four ponds within a one-mile radius of Eight-Mile Pond all lacked 
both emergent vegetation and Lestes d. australis populations. How- 
ever, this species was also absent at well-vegetated ponds three and 
four miles to the north. The nearest australis were at two ponds eight 
miles southeast and southwest where a total of only five individuals 
were seen. The population at Eight-Mile Pond was clearly an isolated 
one. 

The following odonates were recorded at Eight-Mile Pond: Lestes 
disjunctus australis, Enallagma civile, Ischnura ramburi, 1. verticalis, 
Anomalagrion hastatum, Gomphus lentulus, G. militaris, Anax junius, 
Epicordulia princeps, Perithemis tenera, Celithemis eponina, Orthemis 
ferruginea, Libellula luctuosa, Plathemis lydia, Tarnetrum corrup- 
tum, Erythemis simplicicollis, Pachydiplax longipennis, Tramea 
lacerata, T. onusta, Pantala flavescens, P. hymenea. Of these, lydia, 
tenera, lentulus, australis, hastatum, and civile were frequent; the 
last named was very abundant. 

We visited the pond at irregular intervals and at various hours for 
preliminary observations during June and early July, 1958. On five 
days in July and August, 1958, and on seven in June and July, 1959, 
the pond was observed during all hours of daylight, i.e. from approxi- 
mately 0500 to 1930, c.s.t. In addition, records were obtained between 
1600 and 1800 on 32 days in June and July, 1959, 9 of which were 
consecutive. A total of 244 hours was spent in these observations. 

During every hour of a visit each male, female, and pair was re- 
corded by slowly circling the pond. Counting was always at water's 
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edge because preliminary attempts in 1957 to find adults away from 
water yielded scarcely any individuals. Moore (1953) and Bick (1958) 
counted all odonates at water without marking and considered their 
results accurate. Because at Eight-Mile Pond, australis perched on 
particular Eleocharis stems for long periods and because this un- 
branched vegetation allowed us to spot the insects instantly we have 
considerable confidence in our counts. Once each hour of a visit, tem- 
perature, wind velocity and direction, relative humidity, and light 
intensity were recorded. A Taylor thermometer, Taylor anemometer, 
Bendix psychrometer, and a Weston illumination meter were used. 

In addition to counts of the total population at water, 165 mature 
individuals and 63 tenerals were marked during the summer of 1959. 
One of four colors of Testor Butyrate Dope was applied to the dorsal 
surface of the wing's with a camel's hair brush. Each individual was 
marked with a distinctive code of dots at the middle and/or the tip 
of the wings and each marked individual was readily recognized in 
the field without capturing. Very few were damaged by marking but 
those unable to fly immediately afterwards were killed. Marked indi- 
viduals were recorded but not captured while one of us slowly skirted 
the margin of the pond at least once, usually several times, each hour 
of a visit. The exact time, the activities, and the sector occupied were 
noted for each recovery. 


SEASONAL AND YEARLY FLUCTUATIONS 


Figure 1 illustrates fluctuations during the major part of the flying 
season. Because we were absent from Oklahoma in early and late 
summer, abundance data at these times had to be deduced from mid- 
season trends. Tenerals were numerous (93) but matures very scarce 
(6) when counting began in early June of 1959. For this reason, even 
though we (1957) report adults from Oklahoma as early as March, 
the reproductive population at Eight-Mile Pond was probably very 
small prior to June. During both years matures increased irregularly 
to maxima in the third week of July. Unfortunately observations did 
not extend beyond August 7. However, because approximately 40 
matures were still present in early August of both years and because 
40 tenerals were recorded on July 30, 1959, it seems that decreases 
during August must have been irregular and that significant numbers 
must have remained at least throughout August. 

The 1600 counts (Fig. 1) show that the population was larger in 
1958 but this is made clearer by the all-day records (Table 1). Aver- 
age daily total in 1958 was 449, in 1959, 364. Average maximum 
number at any one hour in 1958 was 80, in 1959, 38. Persistent search 
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counted at 1600 on 7 days in 1958 and on 26 in 1959 and by total number of tenerals 
on each of 7 all-day counts in 1959. 


between June 1 and August 6, 1960, did not yield a single australis 
at Eight-Mile Pond. The nearest was at a small pond eight miles to 
the southeast. We believe that the population studied in 1958 and 
1959 has since been eliminated. This decrease and disappearance was 
associated with, and may or may not have resulted from, decreased 
amounts of Eleocharis and increased turbidity both of which accom- 
panied prolonged utilization by cattle. The disappearance in 1960 
prevented detailed observations on behavior planned for that summer. 


PRE-REPRODUCTIVE PERIOD 


The total number of tenerals counted on any one day in 1959 (Fig. 
1) decreased quite regularly from a maximum on June 8 to a mini- 
mum on July 9 and then increased to a minor peak when last counted 
on July 30. This indicates a dispersed period of emergence with a 
major peak early in June and a minor one at the end of July. Bick 
(1957) mentions a possibility of two emergence peaks based on time 
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TABLE 1 


Comparison of 1958 daily totals and maximum counts with those of 1959 





1958 1959 
Maximum count Maximum count 
Daily O RÁ Dal. ——————___— — 
Date total Number Hour Date total Number Hour 
VI-8 235 26 1600 
VI-15 290 25 1600 


VI-22 353 34 1500, 1700 





VII- 2 367 51 1500 
VII- 9 366 36 1700 
VII-21 338 94 1300 VII-20 419 48 1600 
VII-24 527 96 1700 
VII-31 510 101 1800 VII-30 520 49 1600 
VIII- 4 452 62 1700, 1800 
VIII- 7 420 49 1700 
Averages +49 80 364 38 





of collection of adults in Louisiana. Corbet (1956, 1957b) considers 
a second peak as probably a prominent feature of the emergence curve 
in Agrion virgo but not in Lestes sponsa. 

Tenerals were most numerous in early morning and half of all 
records during the all-day counts were between 0600 and 0800. On 
June 8, 51% of the day’s tenerals occurred at 0700 and 0800, and on 
July 30, 42% at 0600. Actual emergence must have been at least one 
hour earlier than these times and certainly several hours earlier than 
the 0900-1000 peak recorded for P. nymphula by Corbet (1952). 

Newly-emerged individuals always flew very weakly away from 
water for only a few feet and came to rest on nearby weeds where 
they paused and again flew short distances. In this manner they left 
the pond by several short flights and became lost to us. The 21% 
recovery of 63 individuals marked when teneral was much lower than 
the 71% recovery of 165 marked when mature. We cannot give 
definite reasons for the low return of tenerals since they were not 
recorded beyond the immediate margin of the pond and since preda- 
tion was not observed. However, Moore (1954). Jacobs (1955) and 
Corbet (1957a) record wandering during the pre-reproductive 
period. Moore (1951) suggests starvation, brought about by bad 
weather and damaged wings, as a cause of death among matures, and 
we believe these factors would undoubtedly account for greater mor- 
tality among tenerals. 

Of 40 females and 23 males marked when teneral 43% of the males 
and only 7% of the females were recovered. This difference must have 
been due to a greater tendency of the immature female to wander 
away from the place of emergence since we do not understand how 
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teneral females would have been more susceptible than males to 
mortality factors. 

Jacobs (1955) states that males of P. lydia marked when teneral 
returned after 8-14 days; females after 13-24. Corbet (1957a) reports 
that females of Anax imperator returned 2 or 3 days later than males. 
At Eight-Mile Pond ten australis males marked when teneral were 
recovered 8, 10, 11, 11, 12, 12, 12, 13, 18, and 24 days after marking 
with a mean of 13,1. In contrast, because only three females marked 
when teneral were recovered and because their times away from water 
varied greatly (18, 30, 39 days) we do not consider a mean significant 
and do not believe that most females at Eight-Mile Pond took as long 
to mature as these figures indicate. 

A maturation period of 13 days for australis males corresponds with 
14 for Argia moesta (Borror, 1934), 15 for P. nymphula (Corbet. 
1952), and 16 for L. sponsa (Corbet, 1956). These authors do not 
report the sexes separately. 

Jacobs (1955) states that some returning males of P. lydia showed 
signs of immature coloration and Corbet (1957a) gives an average of 
two days between arrival of the first male of A. imperator and the 
first sexual behavior. All 10 australis males marked when teneral 
showed mature coloration when first recaptured. Only one mated but 
this was on the day of first recapture without additional maturing time 
at the pond. Each of the three recovered females showed mature color- 
ation when first recaptured and two mated on the day of return. 


LONGEVITY 


The minimum reproductive span was approximated from intervals 
between marking of mature individuals and their last recovery. Here- 
after, “age,” unless otherwise noted, refers to this interval in days. 
Ages varied from 1 to 50 days with a mean of 9.9 for 75 males and 
from 1 to 38 days with a mean of 9.2 for 43 females. These means are 
probably low because some mature adults were undoubtedly present 
for several days before marking and because observations ended with 
three marked individuals still at the pond. Further, 29 males and 13 
females exceeded these means. Nevertheless we consider a 10-day 
reproductive period representative of both sexes. 

Because of limited recoveries we are not using the female pre- 
reproductive span to determine total imaginal life. However the mean 
total imaginal life of males, calculated from addition of 13 pre-repro- 
ductive and the above 10 reproductive days, was 23. The mean total 
span for males marked when teneral was 17.6 days. Probably most 
individuals of australis lived about three weeks after emergence. This 
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is comparable to spans recorded by Borror (1934) for A. moesta and 
by Corbet (1952) for P. nymphula. 

The total possible male imaginal span, determined by the addition 
of the longest pre-reproductive record and the longest reproductive 
one, was 74 days. However, this is only a calculation; no such lengthy 
span was recorded for any one individual. Corbet (1956) records a 
maximum of 69 days for one L. sponsa male marked when teneral. 


RECOVERY AND SEX RATIO 


Of 91 males and 74 females marked when mature 82% of the males 
and 58% of the females were recovered. Total records (mot indi- 
viduals) during the all-day counts (Table 2) also show a preponder- 


TABLE 2 
Composition of the population at water based on total hourly records of 


12 all-day counts 





All records, 1958, 1959 Records of marked, 1959 

Number Percent Number Percent 
Unpaired males 3546 74 601 74 
Males in tandem 595 12 94 12 
Females in tandem 595 12 94 12 
Unpaired females 61 1 18 2 
Total 4797 807 
All males 4141 86 695 86 
All females 656 14 112 14 
Total 4797 807 











ance of males. Of the 4,797 records which accumulated during the 
two years 74% were of unpaired males whereas only 1% were of 
unpaired females. Eighty-six percent of all records were males. Results 
based entirely on marked individuals in 1959 also showed 86% males. 
This preponderance occurred on each all-day count when records of 
males were never less than 80% of the total. An outstanding feature 
of the population at Eight-Mile Pond was an excess of males and a 
great scarcity of unpaired females. Corbet’s (1952) total male capture 
record (81% ) shows a similar percentage of males. 

These male percentages, of course, are not true sex ratios but indi- 
cate relative abundance and frequency of the sexes at water. At 
emergence the ratio is probably much closer to unity since 45% of 42 
exuviae collected in 1959 were males. This percentage is undoubtedly 
closer to the true sex ratio than the 82% recovery of individual males 
and the 86% male abundance-frequency record. The low recovery of 
mature females indicates that many wandered to other localities or 
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died and their low abundance-frequency record shows that those which 
remained in the area visited the pond much less frequently than males. 


DIURNAL FLUCTUATION 


Hourly fluctuations in numbers of individuals at the aquatic habitat 
have not been the focal point of any odonate study. The general as- 
sumption is that some males arrive in the morning, reach a peak near 
noon, and leave in the evening, and that females visit water very 
briefly. This assumption is supported by very little quantitative data 
other than that of Moore (1953) which is based on counts of several 
species of unmarked anisopterans. We know of no information on 
diurnal fluctuation of any zygopteran. Because of the scarcity of in- 
formation for the Order as a whole, and because no one has ever pin- 
pointed the movements by all-day observations of marked individuals, 
we attempted to describe the movements in detail for the zygopteran, 
Lestes disjunctus australis. All individuals at water were counted 
during each hour of daylight on five days in 1958 (Fig. 2) and seven 
in 1959 (Fig. 3). Marked ones were counted on seven days in 1959 
(Figs. 4, 5). The pattern of fluctuation differed from that generally 
attributed to the Order as a whole. Maximum numbers and maximum 
mating were in the late afternoon and not near mid-day, and move- 
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Fig. 2. Diurnal fluctuations of all individuals at water based on averages present at 
each hour of 5 all-day counts in 1958. 
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Fig. 3. Diurnal fluctuations of all individuals at water based on averages present at each 
hour of 7 all-day counts in 1959. 
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AM, NOON P.M. 
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Fig. 4. Summary of diurnal movements of marked males. Shaded areas show presence 
at water during each hour of 7 all-day counts in 1959. 


ments to and from water occurred in addition to morning arrivals 
and evening departures. 
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Fig. 5. Summary of diurnal movements of marked females in 1959. Legend as in 
Figure 4. 


Total population. Fluctuations were more apparent in 1958 (Fig. 
2) than in 1959 (Fig. 3) perhaps because of the larger population in 
1958. There was also considerable variation in numbers present at 
the same hour of different days in a single summer, for example, in 
1959 the 0900 count of males once was 41 but the seasonal average 
21; the 1100 count was once 27, the seasonal average only 12. In spite 
of these variations a distinct pattern of fluctuation prevailed during 
both years (Figs. 2, 3) which is summarized below. 

A few unpaired males were present with the first light at approxi- 
mately 0500. They increased until 0800 or 0900, then decreased to a 
minimum at 1100. After noon they increased, regularly in 1959, ir- 
regularly in 1958, to the day’s maximum at 1600 (1958) or 1800 
(1959). Unpaired males decreased sharply after 1800 but a few re- 
mained at darkness. These undoubtedly stayed overnight and consti- 
tuted most of the 0500 group on the following day. 

Females were always much scarcer at water than males. Average 
numbers of unpaired females (not plotted in the figures) were never 
more than one, whereas unpaired males were always more than 10 
except for first and last counts. Few paired females were present 
before noon although a slight morning mating peak occurred at 0800 
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in 1958. After noon, pairing increased to maxima at 1700 in 1958, 
1500 in 1959. Almost all females left water by darkness. 

Moore (1953) and Bick (1958) found the highest densities of Anis- 
optera, with few exceptions, near noon. At Eight-Mile Pond average 
number of individuals of all species of Anisoptera was highest be- 
tween 1000 and 1500. In contrast, the average maximum number of 
australis at water was at 1700 in both years and was low near mid-day. 

Kennedy (1928) considers primitive forms shade loving and noc- 
turnal or crepuscular. Lestes is generally considered primitive and 
many species in this genus are shade dwellers. However some popula- 
tions of australis in Oklahoma, notably the one studied at Eight-Mile 
Pond, inhabited completely open, sunlit areas. Apparently the popu- 
lation at Eight-Mile Pond shows primitive affinities not by the type 
of habitat occupied but by the pattern of late afternoon maximum 
activity. 


Marked Population. During 1959 marked individuals of both sexes 
were at the pond on more than one all-day count so that total diurnal 
records exceeded number of individuals. From the seven all-day counts 
107 records of 65 marked males and 32 of 28 females were obtained. 
Hourly averages of marked individuals showed a pattern of fluctua- 
tion very similar to that of the total population (Figs. 2. 3). In both 
cases most individuals and maximum pairing occurred in the late 
afternoon, and many males were absent near noon. 

A further analysis of each of the 139 diurnal records (which cannot 
be individually presented here) showed that some covered a whole 
day, some certain parts of a day, and that they could be grouped into 
five “time-of-day” categories: (1) all-day records; (2) present morn- 
ing and afternoon but absent near noon, i.e., split-day records; (3) 
present in the morning only, i.e., AM records; (4) present in the after- 
noon only, i.e., PM records; (5) irregular. 

The per cent in each category of the 107 records of males is shown 
in Figure 4 and from these, movements can be summarized. Thirty- 
three percent of the records were all-day ones. This means that 33% 
of the males in the vicinity of the pond were at water throughout the 
day. Similarly, 32%, the split-day group, left before noon and returned 
in the afternoon, and 7%, the AM group, were present in the morning 
only. So by 0800 these 3 groups, which constituted 72% of the males 
in the area, were at water. In the afternoon, 20% of the males, the 
PM group, arrived for the first time. These, together with the all-day 
and split-day groups, brought the number of males to a maximum 
(85%) at 1700. A complete turnover among males did not occur. The 
entire morning group was not replaced by a completely new one; 
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instead split-day and all-day individuals were present both morning 
and afternoon and these were supplemented by PM males. 

In the same way, a consideration of the 32 records of females (Fig. 
5) shows that, in contrast with males, only 25% of the females in the 
vicinity of the pond were at water in the morning, and 78% in the 
afternoon. Most females arrived in the late afternoon, paired for an 
hour or more, and left very soon afterwards. 

Thus, records from marked samples showed clearly what was sug- 
gested from counts of the total population: (1) mid-day movements 
of males to and from water occurred in addition to early morning 
arrivals and evening departures, (2) late afternoon maxima at water 
were due to arrivals of PM males and most of the females. 

Evening (not strictly crepuscular) activity is recorded for various 
odonates, e.g. Beatty (1945), Corbet (1957a), Kormondy (1959). 
Only Aeshna cyanea (Moore, 1953) is mentioned as leaving near 
mid-day and returning later during the same day. We believe that 
our counts of australis are the first to give a quantitative record of a 
zygopteran population in which maximum numbers and maximum 
mating occurred in the late afternoon and in which a large propor- 
tion of males were absent near noon. 

The age of an individual did not determine the time of day present 
at water. Both young and old were in each “time of day” group. Mean 
ages of males in the different groups were very similar and this was 
also true of females. 

Jacobs (1955) states that the sequence of arrival of some males of 
P. lydia was quite constant from day to day. Thirty-one australis 
males came to the pond on more than one all-day count. Not one of 
these had identical patterns of occurrence on each day and only 10 
were in the same “time-of-day” group on each day. One male, present 
on four all-day counts, was at water both morning and afternoon on 
July 2 and 30, was present irregularly on July 9, and in the afternoon 
only on July 20. Evidently most males did not follow a consistent 
diurnal pattern of movement throughout life. But females were more 
consistent regarding time of arrival; 75% were present in the after- 
noon only and four of the five which were at the pond on more than 
one all-day count arrived in the afternoon. 

The 107 records of marked males during the all-day counts gave 
a mean of 6.1 hours at water but 60 records were for more than 5 hours 
and 11 for more than 10. One male remained for 15 hours, two for 13 
each. This persistence occurred in both newly-marked and in older 
individuals. Scatter diagrams showed little correlation between age 
at the time of the record and hours spent at water on that day. The 
15-hour record was for a 29-day male; the 13-hour ones for 4 and 11- 
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day individuals. In the one-hour group was one 22-day individual as 
well as several one day after marking. Moreover, hours spent at water 
neither increased nor decreased regularly with advancing age. The 
oldest male aged from 4 to 49 days during the interval when he was 
recorded on six all-day counts but the hours which he spent at water 
(6, 10, 9, 15, 7,7) varied irregularly. 

Females were at water much more briefly during any one day; the 
mean for 32 individuals was 2.1 hours and none remained for more 
than 5. 

Physical and Biological Factors. The pattern of movement sum- 
marized in Figures 4 and 5 shows distinct differences between the 
sexes and distinct mid-day movements among males in addition to 
morning and evening ones. Although the pattern corresponded on most 
days, variation occurred in numbers present at the same hour on 
different days. 

Air temperature, light intensity, relative humidity, wind velocity 
and direction, at each hour of the all-day counts, were studied for 
possible correlation with the general pattern of movement and also 
with the day to day variation at any one hour. These factors, singly 
or in combination, could not account satisfactorily for either the 
general pattern of diurnal fluctuation or for the day to day variation. 

It would be assumed that increases in light intensity and tempera- 
ture during the morning and decreases in both during the evening 
influenced morning arrivals and evening departures. Yet in the morn- 
ing not all males and but few females came to water; in the evening 
all females left but not all males. Moreover light intensity and tem- 
perature could not be correlated with both the departure of males near 
mid-day and with their return later in the afternoon. 

Decreases in humidity near mid-day corresponded with departures 
of many males. However, evening departures were accompanied by 
increased humidity and on particular days correlations were often 
completely unsatisfactory. During prolonged cloudiness or rain all 
Anisoptera left the pond but on several occasions we observed large 
numbers of australis clinging to Eleocharis over water during down- 
pours. 

Beatty (1945) considers wind one of the most important factors 
influencing dragonfly populations. At Eight-Mile Pond wind varied 
between 0 and 1256 feet per minute. We could not correlate the many 
changes in velocity and direction during any one day with fluctuations 
in abundance. Approximately the same number of males were re- 
corded on certain days at both maximum and minimum velocities. 

We believe that the diurnal fluctuations were controlled by a com- 
plex of physical and biological factors and that the matter must be 
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studied much more thoroughly before adequate explanations can be 
presented. Any explanation must account for differences both between 
the sexes and within the same sex. Behavior away from water is al- 
most completely unknown but may have had an important bearing 
on movement to water. Individual variation in maturation of the 
gonads and intensity of sex drive was probably involved but was not 
considered. However, we noted that no marked male which left tre 
pond near noon had mated prior to departure. These departures, then, 
could not have been due to loss of reproductive drive following pairing. 

Moore (1953) found that male anisopterans rarely exceeded 13 per 
100 yards of stream length and that higher densities were followo ' 
by normal ones, He suggests that reductions were brought about by 
males leaving water as a result of clashes. This does not seem to apply 
to australis for several reasons. First, inter- and intraspecific clashes 
were infrequent and we never saw males leaving water immediately 
after a clash. Second, maximum numbers of males during the all-day 
counts varied from 20 to 71 so that no particular density was con- 
sistently followed by reduction. Third, maximum numbers of males 
were late in the day and the following reductions seemed associate“ 
with normal evening departures and not with preceding clashes. 

We may speculate that late afternoon activity is an adaptation 
enabling australis to reproduce unmolested by the more aggressive 
Anisoptera which are most active near noon. This was not borne out 
by observations at Eight-Mile Pond. In general the common anis- 
opterans, P. lydia and P. tenera, flew near, around, and over australis 
without apparent disturbance. Only one case of predation on australis 
by an anisopteran was noted. Further, maximum activity of the zy- 
gopteran, E. civile, was near noon. Yet this species was also unmo- 
lested. Since civile, with peak mid-day activity, was successful amon* 
the aggressive Anisoptera it seems illogical to ascribe critical survival 
significance at Eight-Mile Pond to the late afternoon activity of 
australis. 


DISTANCE FROM WATER 


In 1957 we attempted to study the population away from water by 
circling the pond in widening circles. Tenerals were not seen beyond 
the margin. Few matures were noted probably because they perched 
low among the weeds and seldom flew. Counts on July 5 yielded but 
17 individuals, 16 at 30 feet and only one at 120 feet. 

During 1958 and 1959, 15 individuals were observed beyond the 
immediate margin of the pond, mostly at odd times while walking 
from automobile to water. Three males were noted, one each at 20, 
25, and 40 feet; and 10 females, one each at 18, 25, 25, 25, 30, 66, 75, 
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75, 90, and 360 feet. These few records, along with the absence of 
australis at ponds one mile to the north and 200 yards to the east, 
suggest that the flight range during the reproductive stage was very 
limited and that females wandered more frequently and greater dis- 
tances than males. Our 360-foot maximum distance is considerably 
less than the 250 yards recorded by Borror (1934) for A. moesta and 
the 1700-3000 yards by Moore (1954) for L. dryas. 


FREQUENCY AT WATER 

The day to day frequency of occurrence at water and frequency of 
mating of marked individuals throughout their reproductive spans 
has seldom been systematically followed and the few pertinent state- 
ments lack quantitative support. We determined frequency at water 
from the occurrence of marked individuals at 1600 on 32 days, 9 of 
which were consecutive. In this analysis percent frequency is the 
ratio between actual days an individual was present and possible days. 
Possible days is the number of our visits during the reproductive span 
of the individual. Neither sex showed uniformity in intervals between 
visits. The presentation here of the daily records of all 75 males and 
all 43 females is impractical. Instead, selected examples are given in 
Figures 6 (males) and 7 (females) to illustrate the variation. For 
instance, five males each with 14 possible days were present on 14, 
12, 8. 3, and 2 days; of four females each with 10 possible days, one 
occurred on 6 and three each on 1 day. 

Regardless of individual variation, males were much more frequent 
than females. No female was recorded on more than 6 days; 25 males 
were and one of these was present on 24 days. Figure 8 shows that 
many more males than females exceeded frequencies of 60% and that 
many more were 100% frequent. The 100% females were mostly 
short-lived and none reached the mean reproductive span but six of 
the 100% males lived more than 10 days. Three of these were re- 
markably persistent and occurred on 15 of 15, 14 of 14, and 12 of 12 
possible days. 

Mean frequencies are summarized in Table 3. For the entire 32-day 
period males were present on 80% of the possible days, females on 
35% and these percentages were substantiated by observations on 9 
successive days when males were 83% frequent, females 34%. 

Frequencies of either mating (84%) or non-mating (71%) males 
did not differ greatly from the over-all figure of 80%. Failure to mate 
was not directly related to infrequency at water. Fifty-four percent 
of the males failing to mate were 100% frequent. Mean frequencies 
for mating females (35%) and for non-mating ones (33%) were 
almost identical. 
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Fig. 6. Seasonal records of selected males showing variation in frequency at water 
lopen squares) and frequency of mating (squares with dots). Vertical lines indicate marking 
date. Broken horizontal line at top shows observation dates, Successive day period was 


June 17—June 25. 
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Fig. 7. Seasonal records of selected females. Legend as in Figure 6. 
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Figure 8. Comparative frequency at water of 75 marked males and 43 marked females. 








TABLE 3 


Frequency of occurrence at water for: (1) the entire 32-day period, (11) the nine 
successive day period, (111) mating vs. non-mating individuals, 
(IV) early vs. later life of long-lived individuals 





Males Females 
No. of Frequency No. of Frequency 
individuals percent individuals percent 
I All individuals 32-day period 75 80 43 35 
II Onnine successive days 24 83 5 34 
III Mating 40 84 35 35 
Non-mating 35 71 8 33 
IV First 10 days 29 75 13 20 
Beyond 10 days 29 74 13 35 





Twenty-nine males and 13 females lived beyond the mean reproduc- 
tive span of 10 days. For each of these, frequency during early (first 
10 days) and late life was compared. Means for both periods were 
similar (Table 3) and corresponded with those of the total population. 
Frequency did not decrease with advancing age. Six males were 
equally frequent (100%) in early and late life, 8 were more frequent 
when young, and 15 more so in late life. Four females were more fre- 
quent when young; 9 more so in late life. Clearly, many individuals 
of both sexes came to water more frequently with advancing age. 

Because, in all the above instances, male-female differences in fre- 
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quency were similar, we are confident that most males were present 
on 80% of the possible days and females on 35% regardless of mating 
success or age period. These mean frequencies indicate that males 
visited the pond on 8 days, females on but 3 in a 10-day reproductive 
span. These days at water may be low since observations were not all 
day and every day, but since females were just as readily seen as 
males the male-female difference is accurate. 
Moore (1953) states that it is not known whether or not females 
come to water every day. Our data show that females (Fig. 7) prac- 
tically never did so, males (Fig. 6) often did. During the consecutive | 
day period (June 17-25) five females could have occurred on all nine | 
days but only one was present consecutively, June 19, 20, 22, 23. | 
Similarly 24 males could have been present on all nine days and 20 | 
occurred consecutively as follows: four each on 9; two each on 8, 7, 6; 
three each on 4 and on 3; and four males each on 2 consecutive days. | 


MATING FREQUENCY 


Preceding sections show that many more males than females were 
at water at all hours. Probably because of this excess, many males 
but few females did not mate and mating frequency was consistently 
higher among females. 
Of the 75 recovered males 35 did not mate at any time after mark- 
ing but only 8 of the 43 females failed to do so. Failure to mate was 
striking in certain long-lived and frequent males. One lived 25 days 
and was at the pond on 9 without mating; another lived 20 days, was 
recorded on 8 without pairing (Fig. 6). In contrast only one female, 
at the pond on more than one day, did not mate (Fig. 7). 
During the entire 32-day period males mated on 23% of their days 
at water, females on 83% and the percentages were 22 and 83 for the 
| nine successive-day period (Table 4). The lower male frequencies 
| were not due solely to a greater number of mating failures. Mean 
mating frequency was much lower among mating males (31%) than 
among mating females (92% ). No male paired on every visit but 86% 
(Fig. 9) of the females did. Ninety-two percent of the males but only 
6% of the females mated on less than 60% of their days at water. | 
Mating percent in early life (first 10 days) was compared with that 
of later life (Table 4) for 22 males and for 12 females which mated 
at least once. Mean frequency of mating during early (28% 4 , 94% ? ) 
and late (31% 8, 87% 2) life was similar. No significant decrease 
occurred in late life for either sex and the figures for both periods cor- | 
f respond with those for the total population. Two males mated with 
equal frequency in early and late life, 9 were more successful when 
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TABLE 4 


Frequency of mating for: (1) the entire 32-day period, (11) the nine successive 
day period, (111) mating vs. non-mating individuals, (IV) 
early us. later life of long-lived individuals 





Males Females 






































No. of Mating No. of Mating 
individuals (percent) individuals (percent) 
I All individuals 32-day period 75 23 43 83 
II On nine successive days 24 22 5 83 
III Mating 40 31 35 92 
Non-mating 35 0 8 0 
IV First 10 days 22 28 12 94 
Beyond 10 days 22 31 12 87 
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Fig. 9. Comparative frequency of mating of 40 marked males and 35 marked females. 


young, 11 more so when old. Seven females mated with equal fre- 
quency in early and late life, 3 were more successful when young, 2 
more so when old. Moreover, three exceptionally old males paired on 
their last visits at minimum reproductive ages of 50, 19, and 15 days 
(Fig. 6) and two old females paired on their final visits at ages of 38 
and 32 days (Figs. 7). Apparently, both sexes mate as long as they live. 

Because, in all the above computations, the differential male-female 
mating frequency was similar (Table 4) we are confident that most 
females mated on 83% of their visits, males on 23%. In spite of this 
difference, the mean number of matings during the total reproductive 
span was quite similar for males (93 mating days/75 individuals = 
1.2) and for females (73/43 = 1.7). This is because of a reciprocal 
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relationship between frequency at water and frequency of mating. 
Males came to water frequently (80%) but seldom (23%) mated; 
females came less frequently (35%) but often (83%) mated. 

The presentation of the complete mating record of each of 40 mating 
males and 35 mating females is not practical but Figures 6 and 7 give 
a general picture of mating success of a few selected individuals. Most 
males paired on one or two days: 11 on 1, 13 on 2, 12 on 3, 3 on 4, and 
one on 7 days. This 7-day maximum was in a 21-day reproductive 
span with 16 days at water. The oldest male mated on 4 of 24 visits 
in a 50-day span. Among the females, 16 mated on 1 day, 8 on 2, 5 on 
3, 5 on 4, and 1 on 6 days. This 6-day maximum occurred during 6 
days at water in a 32-day reproductive span. The oldest female paired 
on 4 of 5 days at water during a span of 38 days. 

Intervals between matings were not uniform for either sex (Figs. 
6, 7) and varied both from one individual to another and within the 
life span of the same individual. The oldest male mated at intervals 
of 9, 21, and 13 days; the oldest female at intervals of 9, 14, and 11 
days. 

Twenty-nine males mated more than once but only 11 on consecu- 
tive days. Ten of these each mated on but two successive days and 
one (Fig. 6) had repeated periods of successive mating on three and 
again on two days. Nineteen females mated more than once but only 
three on consecutive days. Two of these each mated on but two follow- 
ing days and one (Fig. 7) had repeated periods of successive mating 
on two and again on two days. . 

Jacobs (1955) reports that the mean number of matings per day 
for P. lydia males was four. Pairing more than once during the same 
dav without known disturbance did not occur among australis females 
and was recorded for only four males each of which mated but twice 
in the same day. These records of marked males are: (1) with marked 
female at 1300. the same male with unmarked female at 1800; (2) 
with unmarked female at 1500 and 1600, the same male with a marked 
female at 1700, 1800, 1900; (3) with marked female at 1200 and with 
an unmarked one at 1700; (4) with unmarked female at 1600 and 
with a marked one at 1700. A second pairing during the same day 
when the first was disturbed by capture for marking occurred in nine 
females but only in one male. 


REPRODUCTION 


Pairing in L. dryas or L. sponsa is figured by Wesenberg-Lund 
(1913), Straub (1951), Gardner (1951, 1952, 1956), Lieftinck (1951). 
These figures show positions essentially similar to those we observed 
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in australis, the male remaining in tandem with the female as eggs 
are deposited endophytically. At Eight-Mile Pond all reproductive 
activity was in the bordering Eleocharis zone where pairs always 
perched on vertical stems not more than three feet above the water 
surface. 

Since males greatly outnumbered females when the latter arrived 
in the late afternoon nearly every female reaching the pond margin 
was immediately seized. Capture was very quick and the details were 
not observed. In the few cases when the female was not grasped upon 
arrival, she was seized when she first moved to a new stem. Courtship 
or display of any sort was not seen but it seemed that movement of 
the female acted as a stimulus for the male's approach. Several times 
a male did not advance toward a perched female until she flew. Buch- 
holtz (1956) states that a regular to-and-fro motion of dummies was 
indispensable to release approach flight in Platycnemis pennipes but 
that P. dealbata reacted to any movement whatever. 

After capturing the female, the male quickly perched and copula- 
tion nearly always followed immediately but once an interval of three 
minutes was recorded. In achieving copulo the female bent her abdo- 
men in the form of a U and held it in this position between her legs. 
Pairs in copulo usually remained at one stem. 

After copulo the pair remained in tandem, the female alternately 
curving her abdomen ventrally and then extending it. We do not 
know which of these curving motions were mere probings and 
which resulted in insertion of eggs, however we refer to this time 
after copulation as the oviposition period. During this period pairs 
frequently shifted from stem to stem. These flights were usually short 
but once a pair flew completely across the pond, 110 feet. Pairs re- 
mained at the same vertical level on any one plant and did not move 
up or down the stem as Montgomery (1925) records for L. congener, 
Garcia-Diaz (1938) for L. forficula. and Gardner (1952) for L. dryas. 

Mean uninterrupted time in tandem (including both copulation 
and oviposition) for 81 marked individuals was 60.2 minutes but the 
period varied from 12 to 228 minutes and each of 37 records was for 
more than one hour. Duration of tandem varied from day to day in 
the same individual. A marked female paired with two different males 
on different days for 228 and for 49 minutes; a marked male paired 
with different females on different days for 29, 50, and 192 minutes. 

Time in actual copulation, for four pairs, varied from 6 to 19 min- 
utes: (1) continuous for 10 minutes; (2) continuous for 11.7 minutes; 
(3) copulation for 19 minutes, female free about one minute, copula- 
tion for 8 minutes, interrupted about one minute, copulation resumed 
for 6 minutes, total time 36 minutes; (4) copulation 8.5 minutes, 
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female free less than one minute, copulation resumed for 6.2 minutes, 
total time 15 minutes. 

Walker (1953), in his general account of Canadian members of 
the genus, states, “they ovipost, as a rule, well above the water line.” 
However, Garcia-Diaz (1938, Puerto Rico) mentions underwater 
descents in L. forficula and Gardner’s (1956) drawing shows an ovi- 
positing female of L. sponsa completely submerged but just beneath 
the surface. Eight underwater ovipositions occurred in australis but 
these were usually associated with flood conditions which reduced the 
vertical extent of exposed Eleocharis stems. The sexes always re- 
mained in tandem during submergence and flew away together after- 
wards. Pairs did not descend deeply; the male was never covered by 
more than two inches, often only half of his abdomen was covered, 
but the female was always completely submerged. Times beneath the | 
surface for three pairs were: (1) descended for 3 minutes; (2) down 
for 1.5 minutes, up momentarily, and down again for 2 minutes; (3) 
under for 2.5 minutes, momentarily up, down for 2.7 minutes, up 
momentarily, and down again for 2.2 minutes. These females were 
under water continuously for not more than three minutes and the 
maximum period of interrupted submergence was nine minutes. 

Oviposition in tandem was the usual pattern for australis. However, 
Walker (1953) states that Lestes females sometimes perform alone 
and Garcia-Diaz (1938) states that forficula may oviposit attended 
or not by the male. Six marked australis females were observed in the 
egg-laying position without accompanying males. Four of these had 
mated earlier in the day and each continued briefly the motions of 
oviposition after the male had left. Two observations were on days 
when the damselflies were watched almost constantly. In both in- 
stances females were alone at water in the egg-laying position in the 
late afternoon and it is doubtful that previous or subsequent mating 
on these days escaped our attention. These two cases led us to wonder 
if the effects of a single mating lasted for more than one day as Corbet 
(1957a) reports for A. imperator. Since we do not know if fertile eggs 
were actually deposited by australis on either of the occasions we can- 
not specifically answer this interesting question. 


LOCALIZATION 


The majority of males at Eight-Mile Pond exhibited sector localiza- 
tion. Lengths of the four sectors were 150, 91, 87, 42 feet. The number 
of visits was compared with the number of changes in sector for each 
of 60 marked males returning to the pond on more than one day. A 
change was recorded when the sector occupied at the last hour of any 
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day differed from that occupied the first hour of the following visit. 
These males were at the pond on 386 days and returned to the same 
sector on 249, i.e., on 65% of their visits. Six came to the pond on a 
total of 29 days without a single change. One of these was at the same 
sector on 9 days, was never recorded elsewhere, and was always in 
a particular 10-foot stretch of Eleocharis. In contrast, another indi- 
vidual changed sectors on 9 of 11 visits and was recorded at all 4 sec- 
tors. Jacobs (1955) records localization in P. lydia and P. tenera and 
Ito (1960) shows that some males of Orthetrum a. speciosum returned 
to the same restricted sites on several successive days. 

During the all-day counts marked males spent a total of 628 hours 
at the pond and were at the same sector for 525 hours, i.e., for 84% 
of the hours at water. This per cent of the 6.1 hour average duration 
gives an average of 5.1 hours at the same sector. Some males were at 
the same sector for much longer periods. Each of 9 was present for 10 
or more hours during at least one all-day count and none changed 
sector during any one day. One of these remained at the same sector 
for 15 hours. Sixty-two percent of the males in the “split-day” group 
returned in the afternoon to the sector occupied in the morning. 

Since most females at water were in tandem, consideration was not 
given to sector changes by the very few unpaired females. Pairs 
changed sectors more frequently than unpaired males and also made 
many more small changes from stem to stem within the same sector. 


BEHAVIOR 

Most information on territorialism in the Odonata deals with the 
Anisoptera. Jacobs (1955) shows that it occurs in P. lydia and P. 
tenera and describes definite defense activity. Moore (1957) states 
that localization is incomplete, that both sexual and aggressive be- 
havior occurs, and that territorial behavior results in dispersal to new 
breeding areas. Kormondy (1959) considers that Tetragoneuria cyno- 
sura does not exhibit territorialism by active aggression but by “micro- 
area occupancy.” Jacobs (1955) writes of E. aspersum, “. . . localiza- 
tion at the pond was only transitory among 488 individually marked 
males. These males showed little interaction, but flocked close to- 
gether at times. It seemed that, since the male retained his hold on the 
female, thereby preventing clasping by another male, territorialism 
is of no great advantage.” However, Moore (1957) concludes that 
territorial behavior stabilized the population of Ceriagrion tenellum 
at constant levels and caused effective dispersal. In australis, inter- 
actions between males were infrequent and were not characterized 
by actual physical contact. Each male maintained a single Eleocharis 
stem by passive occupancy. 
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Single males showed sector localization but each sector was always 
occupied by many males. At maximum density there was an average 
of two yards of shore line for each male. However they were not uni- 
formly distributed and several were usually present at one small area, 
absent at other nearby and apparently suitable ones. The only area 
effectively occupied by a single male was neither a sector nor a par- 
ticular stretch of shore line but seemed to be a single Eleocharis stem. 

The individual male typically maintained his stem by passive oc- 
cupancy. Our general impression of the zygopteran population, which 
consisted of some 300 males of civile and 50 of australis at hour of 
maximum abundance, was that of a harmonious relationship with 
most individuals perched and with few interactions of any kind. 
Several australis males often perched within a few square feet for 
long periods without reacting to each other or to other males which 
sometimes flew quite close. Each unpaired male usually occupied an 
upright stem for long periods and no other single male perched on it. 
Such stems were seldom approached by moving males but sometimes 
were vacated without interaction as a new male came near. Pairs 
often perched within very small areas without disturbance to each 
other, and once four were counted within five square feet. Single 
males very seldom reacted to pairs and occasionally a male and a pair 
occupied the same stem without interaction. Only one male showed 
a strong reaction to a pair and we recorded, “the single male gives them 
no peace, almost pulls at the female.” 

Interactions between males were infrequent but did occur. Oc- 
casionally a perching male, which had shown no reaction to nearby 
perched ones, advanced towards a flying male but without physical 
contact. Most often the newcomer was warded off but he sometimes 
gained occupancy of the stem. Movement of the newcomer seemed 
to release the response in the occupant, but we do not understand why 
such response was shown to certain individuals and not to others. This 
was not simply a matter of proximity because sometimes a closer 
moving male did not elicit the response in the perched male. The en- 
counters were not obviously sexual since they occurred in the absence 
of females and were not accompanied by attempts of either male to 
couple with the other as Corbet (1957a) and Kormondy (1959) record 
for certain Anisoptera. It is probable that there were signals between 
contesting males, as reported for many vertebrates, and that these 
signals, though not seen by us, precluded physical contact and resulted 
in possession of the stem by either original occupant or newcomer. 
Neither member left the pond soon after these encounters so it is 
difficult to understand how such infrequent episodes could cause 
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much dispersal to new localities as Moore (1957) suggests for C. 
tenellum. 

Encounters between australis and civile males were even less fre- 
quent than the intraspecific ones. The pattern in both cases was similar 
but details of the interspecific encounters were not recorded. 

These conclusions are based on observations during 1959 when the 
population at any one time was lower than in previous years and when 
stems for perching were adequate. Subsequent observations of other 
Zygoptera suggest that australis males may exhibit more frequent 
interactions when the population is large and perching areas more 
limited. 

At Eight-Mile Pond australis was morphologically distinct from all 
other odonates and interspecific pairing was not recorded. Sexual 
dimorphism is apparent and attempted pairing between australis males 
was not observed. It appears that the males recognize both kind and 
sex. 


FOOD 


Feeding at water was unusual since during 244 hours of observation, 
when nearly every activity of many individuals was noted, we saw 
but two feeding. At 1500 a female australis at water was eating a male 
civile. On another day at 1930, a female australis, flying away from 
the pond, was noted carrying a small white moth. Moore (1953), 
considering several species of Anisoptera, states that females never 
feed at water. Our very sparse information shows that feeding at water 
was rare for both sexes but that it did occur in females. 


PREDATION 

Numerous possible predators including snakes, frogs, robber flies, 
and red-winged blackbirds were present. All were frequent but evi- 
dence of predation by them was not obtained even though snakes and 
frogs were closely associated with the Eleocharis zone occupied by 
australis. 

The only positive records of predation on australis were by G. mili- 
taris, by a notonectid, and by the spider, Tetragnatha sp. The gom- 
phine was collected as it held a mature and partly eaten adult, the 
notonectid as it held a full-grown, partly eaten nymph. Tetragnatha 
was abundant and closely associated with the australis perching sites. 
On one day 11 distinct webs were counted, on another, 26. More im- 
portant, 11 australis were noted in these webs during the 1959 season 
and we once saw a spider holding a teneral. Moore (1951) states, 
“Evidence that predators are important causes of death in mature 
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dragonflies is lacking so far.” We agree that predation did not seem 
to be a major cause of death of adult australis at Eight-Mile Pond, 
but we believe that the spider, Tetragnatha, was primarily responsible 
for whatever predation occurred. 
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PATTERNS OF SOCIAL BEHAVIOR OF 
MERRIAM’S CANYON LIZARD (SCELOPORUS M. 
MERRIAMI-IGUANIDAE) 


CHARLES C. CARPENTER 


Department of Zoology, University of Oklahoma, Norman 


ABSTRACT. The social behavior of a group of 19 canyon lizards, Sceloporus 
merriami, was observed in a large enclosure. The pattern of movements and the 
cadence of these movements in the display sequence are species-specific. The domi- 
nant male is responsible for the majority of aggressive actions such as displaying, 
courting, fighting, and chasing in the group. Subordination is indicated by retreat, 
submission and reduced activity. Dominance was shared by two males, and when 
they were removed a new dominant male arose and maintained his dominance when 
the previous dominants were returned. A courting male nods rapidly while follow- 
ing a female and attempts to get a biting grip on the skin of her shoulder region to 
effect copulation. One observation suggests that the female may sometimes initiate 
courtship and mating. 


The canyon lizards observed in this study were captured in early 
April, 1960, along the canyon walls of the Devils River, 10 miles north- 
west of Del Rio, Val Verde County, Texas. They were kept in cages 
until early June and then released in an outdoor enclosure at the 
University of Oklahoma Biological Station in south-central Oklahoma. 
The square enclosure of galvanized sheet metal measured 10 feet on 
a side and was 3 feet high. The enclosed area contained fine sand vary- 
ing in depth from two inches near the sides to a one foot dune in the 
center. A row of six cinderblocks was stacked three, two, one along 
the top of the dune while stacks of two only were placed near three 
corners. A six foot by three inch pole was erected near one side and 
small pieces of wood were scattered over the area. Water was provided 
in a large sunken clay dish. Insect food was provided daily from sweep 
nettings. Other lizard species present in the enclosure included Scelo- 
porus woodi, Sceloporus graciosus, Sceloporus scalaris, Uta stansburi- 
ana, Urosaurus ornatus and Urosaurus graciosus. 

All individuals were color marked for individual recognition. Re- 
cording methods included still and movie photography and tape re- 
cordings. Observation periods were from 8:00 a.m. to 11:00 a.m. and 
4:00 p.m. to 6:00 p.m., when the lizards were most active. Observa- 
tions began on June 10, when 19 canyon lizards (9 females, 10 male) 
were released into the enclosure, and continued on 25 different days 
until July 28 when observations were terminated. 
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The canyon lizards adjusted well to the enclosure, for they fed 
readily, sunned and quickly gave evidence of establishing social status. 
In less than one hour after their release into the enclosure, some lizards 
were performing aggressively with challenge displays, push-ups and 
courtship gestures. 


The Display 


The challenge display has been analyzed using the eight categories 
(Carpenter, 1961); site, position, posture, movement type, parts 
moved, units of movement, sequence and cadence. 

The sites observed for displaying lizards in the field included sta- 
tions on ledges and prominences of the canyon wall and large boulders 
at the base of the canyon wall. The displaying stations used within the 
enclosures were of similar relationship, primarily the tops and sides 
of the cinderblocks. The side of the pole and low areas on or near the 
ground were used only rarely. 

The position of a canyon lizard performing a challenge display was 
related to the location of the adversary at which he was displaying. 
The longitudinal axis of the challenging lizard was directed at the 
other lizard which presented itself laterally also, if returning the 
challenge. 

Marked changes occurred in the shape of the lizard when it assumed 
the posture for challenge display. The dewlap or gular flap was ex- 
tended from the throat, the trunk was laterally compressed to such 
an extent that the ventrolateral areas converged to form a sharp mid- 
ventral keel or ridge (Fig. 1). The body was sometimes tilted up or 





Fig. 1. Sketch of a posturing male canyon lizard (Sceloporus merriami) beginning a 
challenge display. See text for description. 


down if the opponent was above or below the challenger respectively. 
The head, trunk and tail all moved as a unit during the challenge 
display by the extension and flexion of both front and hind legs. 
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The patterns of movement were variable within certain limits. The 
primary motion was a four-legged pushup from a crouch to full ex- 
tension of the legs quickly followed by a rapid shallow double pushup 
or bob from the fully extended posture. 

Two different units of movement were apparent. The first unit, 
which differed from all those following, consisted of a full stretch, 
the lizard rising from a low posture to full height on all four legs then 
returning part way down and holding this position for a slight pause. 
The second unit commenced, immediately following this pause, as a 
slight crouching movement as the lizard lowered itself then quickly 
rose to full height on all four fully extended legs, then very quickly 
bobbed the whole body down slightly to about three-quarters height, 
back up to full height again, back to three-quarters height where it 
held this position for a slight pause. The third unit, and all succeeding 
units were essentially the same as the second unit, varying only in 
the occurrence and depth of the crouch preceding each of these suc- 
ceeding units and in the cadence or time per unit (Fig. 2). 
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Fig. 2. A display-action-pattern graph for the challenge display of th> canyon lizard 
(Sceloporus merriami) indicating the relationship between the pattern of pushup move- 
ments and time in a sequence. See text for explanation. 

A sequence consisted of the first unit followed by a series of units 
the same as or very similar to the second unit (Fig. 2). The number 
of units in the performance of a sequence varied from the mere per- 
formance of the first unit followed by two succeeding units to as many 
as 12 succeeding units. More than 64 percent of the recorded sequences 
numbered 5 to 8 succeeding units per sequence. 

Using the methods of Carpenter and Grubitz (1961), times were 
recorded for the performance of single units, series of units and se- 
quences. This time-motion relationship was the cadence of the display 
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performance (Fig. 2). The time for the first unit was 1.0 second, 
followed by a pause of 0.4 second, 1.0 second for the second or first 
succeeding unit, 0.4 second pause, 1.0 second for the next succeeding 
unit, 0.4 second pause, then a slight pick up in tempo with 0.9 second 
for the next succeeding unit, 0.3 second pause, and continuing on in 
a sequence with ten succeeding units and pauses as 0.8, 0.2, 0.8, 0.2, 
0.8, 0.2, 0.8, 0.3, 0.9, 0.4, 1.0, 0.4, 1.0 for a total time of 13.2 seconds 
(Fig. 2). The change in tempo for the units during the middle of this 
long performance apparently was due to the very shallow crouch 
(or lack of a crouch) at the start of the units. 

The term used by the observer in his field notes to describe the over- 
all appearance of these movements was a stretch followed by a series 
of double-jerk-bobs. 

Adult males of this species exhibit marked sexual dimorphism show- 
ing brilliant blue on the dewlap and ventro-lateral abdominal areas. 
The postural changes, lateral presentation and pushup movement of 
the challenge display all tended to enhance these dimorphic colors. 

The challenge display was of high intensity and was performed 
primarily by the dominant and aggressive males. However, subordi- 
nate males, females and juveniles also performed displays, but these 
were of less intensity. These low intensity displays were assertion 
displays and were also frequently the type of display observed for the 
dominant males. The assertion display differed from the challenge 
display in position, posture and length of sequence. The body was not 
laterally compressed nor was the dewlap extended, and the lizard did 
not present laterally to any particular object. The number of units 
performed usually did not exceed four or five. Assertion displays were 
performed when a lizard stopped after it moved to a new position 
in the enclosure. In this way they perhaps asserted their presence to 
other lizards, though they performed when other lizards were absent 
or not in view. The cadence for the assertion display was the same as 
that of the challenge display. All four legs extended during this dis- 
play. The overall appearance of the assertion display was one of less 
vigor or intensity with no flashing of color. 

The above described displays of Sceloporus m. merriami are species- 
specific. 


Aggression and Dominance 


Interaciions between individuals were apparent within a short time 
after they were placed in the enclosure. Such interactions consisted 
of challenge displays, assertion displays, courtship, fights, chases, re- 
treats, and submissive posture. The results of such interactions were 
recorded and used to determine social status. 
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The responses to aggressive interactions followed a number of typi- 
cal patterns. The dominant male on sighting another male immediately 
performed a challenge display, sometimes at distances of four to five 
feet. If the lizard towards which this display was directed showed no 
response, or returned the challenge, the aggressor then continued to 
display and between displays moved to displaying sites closer to his 
opponent. If the adversary did not retreat, the aggressor continued 
until he had moved up onto the same displaying site with the opponent. 
If the aggressor had previously asserted his dominance over the adver- 
sary, the latter always retreated at this final approach. If retreat did 
not occur, the dominant presented laterally and displayed vigorously 
as he moved in laterally towards the adversary. When within three 
to six inches, he suddenly darted at the adversary which now retreated 
or was caught by a biting hold. This hold was usually quickly broken 
and the adversary fled. If the hold was maintained the two rolled over 
and over, falling from the displaying site to the ground. This broke the 
hold and the adversary fled. The aggressor then held his position and 
displayed again or pursued the fleeing and now subordinate lizard. 

The pursuing dominant sometimes caught the subordinate and bit it 
again which was followed by rolling and breaking of the hold, flight 
and further pursuit. Many times the subordinate quickly fled out of 
sight and the pursuing lizard then moved about the enclosure in search 
of him. If he saw him, the pursuit continued. Initial pursuit or chase 
frequently took place without a preceding display. 

When the dominant had a biting hold on the opponent, he fre- 
quently shook his head violently which lifted the subordinate from the 
substrate and sometimes threw him an inch or so over the ground. No 
apparent injuries were observed as a result of such attacks. 

Fights were not common, and usually the challenge display of the 
dominant induced a subordinate to move out of his sight or to assume 
a submissive posture. A lizard in submissive posture flattened itself 
against the substrate, legs extended to the side, head down and eyes 
usually closed. Lizards in such positions were not observed to be at- 
tacked. However, if the submissive lizard moved, it was immediately 
attacked and pursued. 

A frequent response of an adult female to the approach of an adult 
male, and sometimes to an adult of another species, involved postural 
changes and peculiar movements, Such female aggression was char- 
acterized by the female puffing her body and arching her back, 
lowering her head and rising on all four legs, which had the effect 
of increasing the apparent size of the individual. While in this position 
she performed a sidlehopping or a jerk-walk type of movement. During 
the jerk-walk, the female walked away stiff-legged in a jerky manner, 
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and when sidlehopping, she also moved in a jerky manner, but the 
body moved sideways on stiff legs. With such movements, the female 
may retreat from the male directly, but frequently such movements 
followed a semicircular path around the male to a new position. Dur- 
ing these movements the tail may be raised and partly curled upwards 
and then waved back and forth, the tail directed at the head of the 
male. This response of the female did not appear to be a retreat, but 
seemed to be an aggressive gesture by the female to discourage the 
advances of the male. 

On June 11, no social status trends were apparent and most lizards 
moved freely about the enclosure. When next observed on June 15, 
definite trends were observed, though there was continued free activity 
by most individuals of this species. The Rd. male was now the most 
active individual and accounted for the majority of the displaying and 
chasing (Fig. 3). On the following days, the Rd. male continued to be 
the most aggressive and successfully challenged and defeated all indi- 
viduals it encountered, with the exception of the Or. male. 

By June 21, the Or. male had also established himself as a dominant, 
displaying and courting frequently. Only once was the Or. male ob- 
served to cause the retreat of the Rd. male, and this was in early June 
and was never again seen during repeated reciprocal challenges 
between these two males. Both the Rd. male and the Or. male repeat- 
edly challenged each other and challenged and chased other in- 
dividuals assuming dominance over them, but neither successfully 
dominated the other. They often shared favorable display sites and 
displayed within five inches of one another. They responded by re- 
turning each other’s challenge display, but neither gave ground nor re- 
treated. Rather, each would watch the other display, but did not show 
any type of subordinate response. Other lizards seeing these two dis- 
playing usually either fled to cover or assumed a submissive posture. 
Through the Rd. male performed aggressively with chasing, most 
often, the Or. male appeared to hold equal social status within the 
group. 

By the end of June, the Or. and Rd. males accounted for the great 
majority of all social activities. The other males of the group kept 
out of sight of these two dominants and tended to locate themselves 
near the periphery of the enclosure. Such avoidance was also notice- 
able for the females, and many would seek cover immediately on 
seeing a dominant display. The infrequent displays of the subordi- 
nate males were performed when a dominant was not in view. 

These two males shared the dominance over the rest of the group 
until they were removed, each to a separate enclosure, on July 19. 
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Fig. 3. Social activity chart for a group of canyon lizards (Sceloporus merriami) at the 
University of Oklahoma Biological Station, 1961. Each symbol indicates that this activity 
was performed at least once on the date indicated. A discontinued line indicates the lizard 


was absent from the enclosure. 


DOMINANCE SHIFT 


Within less than one hour after the removal of the Rd. and Or. 
males from the group which they were dominating there was a general 
increase in activity by the remaining members of the group as in- 
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dicated by their freedom of movement about the enclosure. The Blk. 
male was the first to perform a challenge display and though other 
males displayed during the day, the Blk. male did so much more 
frequently and he also followed up his displays by vigorously chas- 
ing other males. 

This shift in dominance to the Blk. male continued over the next 
week as the activity of others of the group again decreased (Fig. 3). 
The Blk. male moved freely over the enclosure, displaying and chas- 
ing and attacking males and courting females. His dominance was 
firmly established over this group from which the former dominants 
had been removed. 

The Rd. male was returned to the enclosure on the morning of 
July 25 (Fig. 3). At first the Blk. and Rd. males did not see each other 
and the Blk. male continued to display and court. The Rd. male soon 
contacted others but did not display. Then the Blk. male sighted the 
Rd. male and they immediately assumed the face-off position and dis- 
played at one another on the side of a cinderblock. The Blk. male 
made quick lateral charges at the Rd. male which dodged and quickly 
assumed the display posture again. The Rd. male also charged the 
Blk. male, which appeared to give a little ground. Following this en- 
counter there was a pause of a few seconds followed by another face- 
off, challenging, quick thrusts with short retreats and immediate re- 
turns to the face-off. As they performed these actions, they continual- 
ly shifted positions over the top and sides of the stack of cinderblocks. 
This encounter appeared to end in a stalemate, for both ceased dis- 
playing when about a foot apart and neither had retreated. 

The quick thrusts or charges were lateral, that is, the attacking 
lizard appeared to throw himself laterally at his opponent and at the 
same time attempt to bite him. 

They again began to display within about a minute, this time 
at a distance of ten inches. The Blk. male made the first approach 
and the Rd. male retreated slightly. As the Blk. male again displayed 
and approached laterally, the Rd. male moved down over the side of 
the cinderblock. The Blk. male then moved to the edge of the cinder- 
block and on being sighted, the Rd. male immediately retreated around 
to the other side of the cinderblock. 

During the next half hour, the Blk. male challenged the Rd. male 
five times and each time the Rd. male fled out of sight. Twice the 
Blk. male followed and searched for the hiding Rd. male and when he 
did once find him the Rd. male retreated rapidly. 

Over the following days, the Rd. male avoided the vicinity of the 
Blk. male, and rapidly retreated from any encounter that occurred. 
The Rd. male was not observed to display again. The Blk. male ap- 
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peared to be more active and became very aggressive towards all males 
of the group. 

In late afternoon of July 28, the Or. male which had previously 
shared dominance with the Rd. male, was returned to the enclosure 
(Fig. 3). Within a few minutes, the Or. male fled from the attack of 
the Blk. male. During all the ensuing encounters, the Or. male retreat- 
ed rapidly. 

The Blk. male was able to maintain the dominance it had assumed 
when the two previous co-dominants were returned. However, the Blk. 
male never appeared to be as aggressive towards these two males as 
it was towards other males of the group. In similar observations on 
the tree lizard (Urosaurus ornatus) by Carpenter and Grubitz (1960) 
shifts in dominance could be effected by removal of the dominant, 
however, when these dominants were returned to the group, they 
again assumed their previous position in the social structure. 

The presence of the returned Rd. and Or. males appeared to in- 
crease both the amount and intensity of the aggressive actions on the 
part of the Blk. male, though these activities were directed more to- 
wards the other males of the group. These actions of the dominant 
Blk. male now often appeared to suggest hyperaggression, for at one 
period he attacked and attempted to bite any lizard that came near 
him, and these included a female Urosaurus ornatus and a male Uta 
stansburiana. Usually there was no interaction between the various 
species in the enclosure. 


Courtship and Mating 


A frequent response of a male in the vicinity of or on encountering 
a female was the performance of a series of shallow rapid head nods. 
This performance has been termed courtship nodding. It ouly appears 
when a male apparently recognizes the presence of a female or an 
individual whose behavior might indicate a female. 

Such courtship nodding always preceded any mating attempts and 
is assumed to be the initiation of courtship behavior on the part of the 
male. 

The males appeared to recognize females at distances up to two feet, 
for they were observed to begin their approaches with courtship nod- 
ding at this distance. 

Females approached by nodding males usually either retreated or 
performed their aggressive rejection display. A persistent male con- 
tinued to follow a female as she moved away, performing short in- 
termittent nodding sequences. If the female permitted the male to 
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approach within an inch or two, the male then quickly attempted to 
grasp the female in the neck or shoulder region. Such attempts usually 
failed and even if the male did obtain a hold, the female usually 
struggled, sometimes rolling over, and escaped. If the male maintained 
his hold, he then moved himself along side and parallel to the female. 
From this position he moved his pelvic region close to that of the 
female, threw his left hind leg (if the approach was from the left) 
over the pelvic region of the female in an apparent attempt to hold 
her. This in effect brought the two cloacal regions into juxtaposition 
and the male twisted his pelvis and inserted his left hemipenis. Copula- 
tion lasted from a few seconds to a minute or two. Following copula- 
tion, the male moved away and soon displayed. The female remained 
passive for a minute or two then moved off. 

Small males, generally submissive, were often courted as females, 
though no mating attempts with them were observed in this species. 

Extended observations on the courtship of many iguanid lizards 
indicate that the male initiates most courtship activity and the female 
takes no apparent active part. However, a series of observations on July 
21, indicated that the female may have purposely aroused the male 
to sexual activity. 

This event started when the Blk. male was observed courting the 
the Blk. female and had ceased this action and was resting. The Or. 
female, in aggressive posture, moved up to the Blk. male in her jerk- 
walk manner and persistently nudged him with her snout. The BIk. 
male responded with courtship nods and held his position. The action 
appeared as if the female was trying to supplant the male in his sun- 
ning position. However, in less than 30 seconds, the male was actively 
following and courting the Or. female as they moved over the side of 
the cinderblock. He quickly caught up to her and attained a biting 
hold on the left shoulder region, then moved so his body was partly 
astraddle hers. While in this superior position, the Blk. male performed 
pushups. The female moved forward slightly and the male held 
his position and moved with her. The female tried to twist her head, 
but the male did not lose his hold. The male then assumed copulatory 
position from her right side, his left hind leg thrown over the female’s 
pelvis and intromission was effected. This contact ended after five and 
one half seconds. Both moved apart and out of sight around the cinder- 
block. The preliminary action starting with the male holding the 
female had taken only 10 seconds, giving a total of 15 seconds for the 
entire event. 

This study is part of a program supported by a grant from the 
National Science Foundation. 
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AGE CLASSIFICATION AND WEIGHT 
VARIATIONS OF ORD’S KANGAROO RAT 
ON THE SOUTHERN GREAT PLAINS 


Cray Y, McCuttocn, Jr. 


712 Tyler St., Tempe, Arizona 


ABSTRACT. Dental characteristics were used as criteria of four relative age 
classes of Dipodomys ordi richardsoni. Weights used as age criteria permitted less 
detailed age classifications. Adults with teeth in advanced stages of wear termed 
“old adult” ranged in weight from 55 to 96 grams. Teeth were worn to the old adult 
condition at the estimated age of ten months. The greatest age of individuals live- 
trapped in the field was estimated at 34 months. Rats caught outside of natal 
burrows but lacking adult teeth weighed from 24 to 70 grams. Weights of 55, 60 
and 65 grams were points arbitrarily convenient for separating adult from immature 
animals. Variations in adult mean weights were associated with population density, 
drought, food supply, age composition of the population and stage of the breeding 
cycle. Degrees of grazing and non-grazing of the habitat by cattle were not reflected 
in mean weight differences of kangaroo rats. 


INTRODUCTION 


Two methods were useful for age-classifying the kangaroo rat, 
Dipodomys ordi richardsoni (J. A. Allen), which is one of the most 
numerous rodents on range lands of the southern Great Plains. The 
importance of age classification in wildlife populations was discussed 
by Alexander (1958). 

Mean weights of adults were as much as 21% greater in some 
periods than in others. The weight variations were associated with 
various ecological factors. 

Observations were made in sand sagebrush grasslands of Harper 
and Woodward counties, Oklahoma, from August 1956 to November 
1958. Weights were recorded for 783 kangaroo rats dead-trapped or 
otherwise killed during the study. Additional observations were made 
of 624 individuals live-trapped from one to 28 times each, and of 64 
dead-trapped specimens which were damaged and not suitable for 
weight records. Teeth of 458 rats were examined, including all killed 
after November 1957. Except where noted, the reported weights of 
females are those of non-pregnant individuals only. 


DENTITION 


Four age classes were assigned according to development and wear 
of mandibular teeth: 1) immature; 2) young adult; 3) intermediate 


adult; 4) old adult. 
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The immature dental class contained only individuals with decidu- 
ous premolars. Breeding appeared to be rare among female kangaroo 
rats which had not shed their milk teeth. Embryos occurred in only 
3 of 17 such females taken during the breeding season in late 1957. 
The dental condition of males as they attained breeding age was not 
learned. It seemed likely that spermatogenesis did not precede loss of 
deciduous teeth. 

Young adults were considered as those which had the crown pat- 
tern of the enamel distinctly visible on their new, permanent pre- 
molars. Traces of the crown pattern remained on the molars. Embryos 
were common among females of this dental class during the highly 
successful breeding season of 1957-1958. 

Kangaroo rats classed as intermediate adults had premolars with 
crowns which were worn nearly flat, or were completely worn away 
to the area of dentine which lay beneath the crown enamel. The molars 
were worn enough for the occlusal surface of each to appear as an 
area of dentine surrounded by a thin rim of enamel. 

Old adults, in the fourth dental class, had one or more cheek teeth 
with interruption in the rim of enamel surrounding the dentine. The 
enamel was worn through on the labial and/or lingual sides of the 
molars, leaving the rim only on the front and rear margins of the oc- 
clusal surfaces. It was possible to estimate the age in months of in- 
dividuals in the four dental classes. 

Kangaroo rats with teeth of the immature class were presumably 
less than two months old. Small, obviously young individuals did not 
appear in the traps in large numbers until late October 1957. Decidu- 
ous teeth were present in 14 of 16 specimens in which teeth were 
examined from 8 September to 19 November 1957. The two excep- 
tions had young adult teeth. Presumably, those young animals were 
not conceived before late August or September. Swollen vulvas sug- 
gesting sexual activity had not been common among adult females 
until the second week of September. Thus the young which appeared 
above ground in late October were probably three to five weeks old, 
assuming 30 days gestation (Day et al., 1956). The estimated nestling 
period appeared similar to those reported for other Dipodomys species 
(Chew and Butterworth, 1959; Holdenreid, 1957; Tappe, 1941). 

Two to three months was the estimated age of individuals in the 
young adult class; i.e., with their milk premolars recently shed. Two 
rats in this class were taken in December 1957, not more than three 
months after the period of earliest suspected births of that year. Young 
adult teeth were found in seven live-trapped animals killed one to two 
months after they began visiting the traps. As indicated above, kanga- 
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roo rats were thought not trappable, i.e., did not leave the burrow 
to forage until they were nearly a month old. Young adult teeth ap- 
parently were worn rather quickly to the intermediate adult condition. 

Specimens with intermediate adult teeth were estimated to be from 
four to ten months old. Seventeen rats with teeth so worn were killed 
on live-trap plots two to eight months after they first appeared in the 
traps. 

Kangaroo rats with old adult teeth were thought to be 10 to 34 
months of age. The estimate was based on 17 killed specimens which 
had old adult teeth and live-trap records adequate for estimating ages. 
Thirteen of these had recapture records of 10 to 12 months. Excep- 
tions were two rats which had been visiting the traps for only eight 
and nine months, respectively. Two others, a male and female. had 
unusually long records of 24 months of recaptures in the field. The 
latter were probably four to ten months of age when first captured; 
i.e., breeding phenology suggested that no births occurred in the popu- 
lation for four to ten months prior to the start of live-trapping. 

The old adult stage of tooth wear did not imply senility. Among 
the females, at least, it appeared that fertility in that class may have 
been greater than among the younger adults. 

The estimated age ranges based on trap records of marked indi- 
viduals were also reflected in monthly tables of age composition, based 
on 778 dead-trapped kangaroo rats (McCulloch, 1959). For example, 
four months after the end of breeding activity, the percentage of rats 
with young adult teeth dropped to zero in the dead-trapped sample. 
This further suggested that the young adult state of the teeth changed 
after the age of three months, as reported above. The percentage of 
dead-trapped rats with intermediate adult teeth increased each month 
until ten months after the period of earliest suspected births. At 12 
and 13 months after that period, however, the percentage of inter- 
mediate adults had decreased, with an increase in the percentage of old 
adult jaws in the sample. 


WEIGHTS 

Weights may be used to separate adult from immature kangaroo 
rats when teeth cannot be examined, as in live-trapping. Weights 
varied greatly with apparent age of the individuals. Drought, popula- 
tion density, food supply and stage of the breeding cycle also seemed 
associated with variations in weights attained by adults. The weight 
used arbitrarily to separate adult from immature animals therefore 
varied from time to time. 

It seemed safe to assume that females weighing less than 55 grams 
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were immature, although there was great range in the weights of in- 
dividuals with adult dentition (Table 1) and obvious breeding capabil- 
ity. Embryos were not found in the 25 dead-trapped females which 
weighed 45 to 54 grams during the 1957-1958 breeding season. But 
many females weighing 55 grams or more also appeared to be sexually 
immature and lacked adult teeth (Table 1). Only 2/19 were pregnant 
in the class 55 to 64 grams during the breeding season when 71/108 
of the heavier females (65 to 110 grams) contained embryos. 
Among the older adults, weights of the sexes were similar. Among 
the younger adults, males tended slightly to outweigh females (Table 
2). The difference in mean weights of 68 male and 19 female adults 
(80.7 + 0.7 vs. 81.9 + 1.4 grams) was not significant at the peak of 
the breeding season, October-November 1957 (t = 0.81). Neither was 


TABLE 1 


Weight class frequencies of kangaroo rats grouped according to tooth development 
and wear, Harper and Woodward counties, Oklahoma, Nov. 1957—Nov. 1958 




















Deciduous 
premolars present Deciduous premolars shed 
Immature Young adult Intermediate adult Old adult 
Class Males Females Males Females Males Females Males Females 
Gm. Percent Percent Percent Percent Percent Percent Percent Percent 
25-34 8 
35-44 11 19 
45-54 60 53 10 15 
55-64 29 17 48 60 19 1 + 8 
65-74 3 40 25 64 33 31 59 
75-84 2 16 61 63 27 
85-94 1 5 2 6 
Totals 100 100 100 100 100 100 100 100 


Sample size (35) (36) (83) (60) (78) (97) (46) (51) 





TABLE 2 


Weights of kangaroo rats in four dental classes, Harper and Woodward counties, 
Oklahoma, Jan.—Aug. 1958 














Mean+S.E. 
Males Females 
Sample Sample t-Value, 
Dental class Gm. size Gm. size males vs. females 
Old adult 74.8+0.7 (38) 729+38 (44) 0.45 
Intermediate adult 68.8+0.8 (64) 66.4+0.6 (83) 2.53 
Young adult 63.2+0.6 (82) 60.341.2 (58) 2.32 
Immature 50.9+1.2 (35) 48.6+1.3 (34) 1.20 
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there a significant difference in weights of the sexes in the old adult 
dental class (Table 2) during the latter part of and after the breeding 
season. 

Maximum and minimum observed weights were 93 and 58 grams 
for males, and 96 and 55 grams for non-gravid females during the 
1956-1958 study. Small, old animals were probably more common fol- 
lowing a drought summer, such as 1956, than they were in 1957 or 
1958. Unfortunately, teeth were not examined during the first year 
of the present study when mean weights were comparatively low 
(Table 3). 


TABLE 3 


Mean weights of adult kangaroo rats in pre-breeding seasons of three years, 
Harper and Woodward counties, Oklahoma 





Males Females 





Sample 


Sample 

Period Gm. t-value size Gm. t-value size 

Aug. 1956 68.7+1.4 11 66.7+1.7 9 
1956 vs. 1957 2.89 1.36 

July-Aug. 1957  76.1+21 9 69.4+1.1 9 
1957 vs. 1958 4.33 2.42 

July—Aug. 1958 65.0+1.4 13 65.1+1.1 18 
1956 vs. 1958 1.80 0.78 





An unusually large female near term weighed 110 grams. The mean 
weight was 79.9 + 0.9 grams for 73 pregnant kangaroo rats lumped 
without regard for age class. The smallest pregnant females weighed 
64 grams. The smallest kangaroo rat taken in a trap was an immature 
female weighing only 24 grams. The heaviest rat with deciduous 
teeth was a 70-gram female bearing two embryos. 

Classifications according to dentition and weight suggested that in 
one year (1957) the breeding population of kangaroo rats was com- 
posed mostly of individuals approaching maximum age and size for 
this subspecies. In other years (1956, 1958), most of the breeding 
population did not approach these maxima. 

Mean weights of dead-trapped kangaroo rats were greater during a 
period of abundant plant growth and low population density (1957) 
than during a drought (1956) or time of high population density 
(1958). The mean differences among years were significant at the 
99 per cent level in two, at the 95 per cent level in one, and at the 
90 per cent level in one of the six comparisons (Table 3). 

Live-trapped adults lost weight after the breeding season. This was 
also observed in nearby Hemphill County, Texas (J. M. Inglis, 


153 











personal communication). In another species, D. spectabilis baileyi 
Goldman, there were apparent seasonal fluctuations in weights of in- 
dividuals (Holdenreid, o.c.). Weights of D. merriami also underwent 
negative trends during adverse seasons (Chew and Butterworth, o.c.). 

Seasonal as well as yearly differences in weights also appeared in 
records of dead-trapped D. o. richardsoni. The means reported above 
for adults at the peak of the breeding season were 5.1 and 10.1 grams 
greater for males and females, respectively, than during the period 
May-August 1958, after the breeding season. The differences between 
the seasonal means were significant; i.e., t = 3.51 for males and 4.60 
for females. The means of October-November 1957 were computed for 
87 rats weighing 60 grams or more. Those individuals were not classed 
according to dentition, but presumably all had old adult teeth. Breed- 
ing phenology suggested that all were more than one year old. Means 
for the period May—August 1958 were for 15 males and 27 females 
which had old adult teeth. 

Weights of kangaroo rats did not differ significantly on various 
areas grazed and ungrazed by cattle. The great range in weights of 
adult rats suggested that habitat quality might affect the growth of 
individuals. It was thought that vegetation effects of grazing might 
therefore be reflected in the weights of kangaroo rats on different areas. 
Means of 63 presumably adult males weighing 65 grams or more were 
compared in October-November 1957, on areas grazed lightly, mod- 
erately and heavily, respectively, and on one ungrazed for 18 years. 
Analysis of variance indicated no significant differences among the 
means, which were 80.6, 80.2, 81.4 and 83.0 grams (F = 1.32). Mean 
weights of 46 males were again compared in a later period, February— 
May 1958, on the heavily grazed and ungrazed areas. Individuals with 
old adult teeth only were used. In this comparison also the difference 
was not significant. The means then were 74.6 and 76.4 grams 
(t = 0.38). 
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ABSTRACT. The growth and development of Mexican free-tailed bats, Tadarida 
brasiliensis mexicana (Saussure), is described from about 25 days before birth until 
young bats are indistinguishable from adults. Young bats have gained a grey pelage 
and an adult-like dentition, forearm length and body weight by six weeks of age, 
when they first fly from the nursery caves. Upon first flying a loss in the weight of 
the body and of the adrenals is observed. This weight loss is not regained until 
young bats are about 11 or 12 weeks of age. 


This paper describes the growth and development of young Mexican 
free-tailed bats, Tadarida brasiliensis mexicana (Saussure), from birth 
until about four months of age. These data were gathered in 1958 as 
a part of a general ecological study which emphasized the reproduc- 
tion, behavior, movements, and population dynamics of the bat in 
Texas. This general ecological study was undertaken from 1955 to 
1960 by personnel of the Division of Vertebrate Ecology, The Johns 
Hopkins University, Baltimore, Maryland, under the direction of Dr. 
David E. Davis. A summary of the general ecological study is being 
prepared for publication by Dr. R. B. Davis and references to that 
paper are cited herein as “manuscript.” This research project was sup- 
ported by Grant E1040 from the National Institutes of Health. 


METHODS 


Throughout this study of the growth and development of bats born 
in 1958 the term “young” means bats of pre-flight age and the term 
“sub-adult” means flying young of the year. The term “adult” indi- 
cates bats born in years prior to 1958. 

During 1958, weekly field trips were made to Davis Blowout Cave, 
25 miles north of Fredricksburg, Blanco Co., Texas. During the period 
from April 9 through October 20, 1272 flying bats (778 females and 
494 males) were collected. These bats were obtained with the aid of 
a portable variation of the “bat harp-trap” designed by Constantine 
(1958). Collections of young bats were made by scraping them from 
four selected areas on the cave ceiling, using an insect net. These 
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samples were taken on six occasions from June 16 to July 28 and 
totaled 145 animals. In addition, 69 fetuses in utero, which were ob- 
tained in 1957 and preserved in 10 per cent neutral formalin, were 
used to describe prenatal development from 25 days before birth. A 
few pregnant bats, near term, were maintained in captivity, and the 
young from these animals provided the “at birth” measurements on 
young bats. 

Bats autopsied for this study were killed by suffocation in a port- 
able dry ice box. Preservation was by refrigeration and all autopsies 
were performed in the laboratory. Wet weights of the paired adrenals 
were made on a 500mg. Roller-Smith Balance. The body weights of 
autopsied bats were made on a 100 g. Ohaus balance, and the length 
of the forearm, from elbow to wrist, was measured with a Vernier 
millimeter caliper. 

Measurements taken upon adult bats were compared with similar 
measurements obtained from the young animals at various develop- 
mental stages to aid in the interpretation of the growth data. The 
stomachs of young bats were dissected free before the body weights 
were obtained to reduce one major variable as flying bats egressing in 
the evening had empty stomachs but young bats scraped from the 
ceiling at the same time had nursed throughout the day and often 
had quantities of milk within their stomachs. 

Young bats were aged after birth on the basis of the elapsed time 
after the estimated average birth date. In 1958 at Davis Cave, 86 per 
cent of a very large population of pregnant female bats gave birth 
to young in the 13-day period between June 3 and June 16. Parturi- 
tion was 50 per cent complete by June 8 (manuscript). The new-born 
bats were located in dense, often inaccessible, colonies on the Davis 
Cave ceiling. As individuals within these colonies actively moved 
about, it was not feasible to mark young bats to later record their in- 
dividual growth. However, it was assumed that since most young bats 
were born in a very short period of time, most of the young bats scrap- 
ed from selected areas on the cave ceiling during a sampling period 
would be very nearly the same age. The justifications for this assump- 
tion were the observations that the colonies of young bats were formed 
on the ceiling at the same time and that subsequent gross develop- 
mental changes such as the gaining of pigmentation and pelage ap- 
peared to occur simultaneously throughout the entire population. Also 
during the normal sampling procedure about 20 percent of the young 
bats born in 1958 were flushed from their position on the ceiling on 
July 13, but over 80 percent were flushed on July 21 (43 days after 
June 8). Apparently, a large majority of the population had matured 
to the flight stage at the same time. Measurements taken at weekly or 


157 








biweekly intervals upon samples of this population of young bats 
reflect the developmental trends recorded herein. 

Sixty-nine fetuses collected in 1957, from full term to four weeks 
before birth, were also used to describe growth. The use of fetuses 
in utero, fixed in 10 percent neutral formalin, was favored over work- 
ing with unfixed fetuses because of greater ease and precision. Chris- 
tian (1953) reports that for small animals the weights of adrenals 
fixed in situ, and subsequently dissected free, are as dependable as 
weights of fresh specimens. It was assumed that similar dependability 
would be obtained for other measurements. 

Embryonic bats were aged before term by using an equation that 
incorporated the daily growth rates of the right uterine horn during 
late pregnancy, the average terminal length of the horn and the length 
of the horn enclosing the fetus. Without exception during this study 
the single embryo of T. b. mexicana was implanted in the right uterine 
horn. In 1957 during the final stages of visible pregnancy, the growth 
in length of the right uterine horn of freshly autopsied bats was ob- 
served to be 0.4366 mm. per day. The horn attained an average termi- 
nal length of 27.92 + 2 mm. (manuscript). The weeks (W) before 
birth of an embryo within a given length (X) of uterine horn was 
estimated from the equation: 


w= atl or X= 27.92 — 3.06 W 
7 (0.4366) 
Hence the classes are: Weeks 
When W is: X is: Length of horn (mm.) Before Birth: 

0 27.9 24.9 — 27.9 1-0 
1 24.9 21.8 — 24.9 3 
2 21.8 18.7 = 21:8 $ =:2 
3 18.7 15.7 — 18.7 4-3 
4 15.7 


Embryos were aged before term by placing the pregnant female in 
the proper class, determined from the length of her right uterine horn. 
The weekly intervals before term are expressed in Figures 1, 2, and 3 
as — 4, — 11, — 18, and — 25 days before birth, by using, for example, 
day — 4 as the mean of the first week before birth. 

Figures 1, 2, and 3 have two scales on the abscissa: (1) days before 
or after birth for prenatal and young bats and (2) the date when bats 
were collected in 1958. This recording procedure is chosen to indicate 
that the growth data were obtained from two different sources (1957 
fetuses and the population of bats born in 1958). There is also plotted 
on these figures the data obtained from the samples of adult bats. In 
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Figure 2. Changes in the weight (gms) of young, sub-adult ,and adult bats. 


order to reduce the complexity of these graphs only the female values 
for each of the criterion studied have been connected by lines. 


RESULTS AND DISCUSSION 


The following measurements and notes were recorded from young 
bats soon after they were born in captivity to females captured shortly 
before term. Young bats are born blind, naked with a pink (unpig- 
mented) skin and possessing a deciduous dentition. The average body 
weight of five new-born females was 2.40 gms. and that of three new- 
born males was 2.66 gms. The average length of the forearm for the 
five females was 17.6 mm. and for the three males was 18.6 mm. 
These measurements when compared to the average forearm length 
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Figure 3. Chonges in the weight of the adrenal glands (mg) of young, sub-adult, and adult bots. 


of the adult bat, 43.0 mm., and the average body weight for adult 
bats, 11.78 gms. show that the young bat is born relatively large com- 
pared to the size of the adult. These measurements correspond closely 
to those of Herreid (1959), made upon a single young bat born in 
captivity. 

The following notes describe the gross changes in the pelage and 
dentition of young bats that were characteristic of the majority of 
young bats at two-week intervals from June 8. By two weeks of age 
the eyes of young bats are open and there is a partially completed grey 
colored pigmentation over the body. Sometimes the first traces of what 
will be the sub-adult pelage are present. During the developmental 
period between two and four weeks after birth, fur appears on the 
throat and spreads both dorsally and abdominally, so that by four 
weeks of age the chest is haired and the first hair appears on the ani- 
mal’s back. At the end of the fourth week after birth the characteristic 
dark skin pigmentation of the sub-adult covers the entire body, and 
the anterior one-half of the animal is furred, both dorsally and ven- 
trally. By this time, the molars and premolars of the secondary or 
permanent dentition are erupting, and the canines and incisors of the 
adult have usually replaced the deciduous teeth. 

During the fifth and sixth weeks after birth, the grey, soft-textured 
pelage characteristic of the sub-adult bat becomes complete, and the 
remaining teeth become similar to those of adult bats. These develop- 
mental sequences are summarized in Table 1. At six weeks of age 
epiphyses of the phalanges are still incompletely closed, though bats 
at this stage of development will fly from the cave ceiling. 

The length of the forearm (from elbow to wrist) is a convenient 
measurement of body size (Figure 1). The forearm length of adult 
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TABLE 1 


Pelage and dentition development by two-week age classes 





Age in weeks Sample size Pelage class Tooth class 
1-2 38 0, 1 A 
34 42 2, 3, 4 B, C 
5-6 15 5 C,D 
beyond 6 50 5 D 
145 
Pelage classes Dentition classes 
0. Young naked, with no A. Deciduous milk teeth only 
pigmentation B. Molars and premolars erupting 
1. Young pigmented, some hair cn C. All permanent teeth erupted but not 
throat completely developed 
Hair on chin and throat D. Teeth similar to those of adult bats 


Hair developing on chest 
Hair developing on back 
Body fully haired 


na po 





bats was 43.0 + 1 mm. (manuscript). On day 32, at approximately 
five weeks of age, the average forearm length of young bats was not 
significantly different from that recorded for adult bats. Cagle (1950), 
in several instances, measured the forearms of young Mexican free- 
tailed bats. He also characterized this development as “rapid.” 

The body weights of young bats are plotted by biweekly intervals 
(Figure 2). The average weight of 883 adult bats examined was 11.78 
gms. From above, the average weight of eight young bats born in 
captivity was about 2.50 gms. or about 20 percent of the average 
weight of adult bats. Young bats remain inside the nursery caves until 
sufficiently physically mature to go out on foraging flights. During 
this time they remain more or less confined to small areas on the cave 
ceiling. Provided with an abundant milk supply, in a warm cave, 
growth and proliferation of tissue is rapid. At approximately three 
weeks following birth, the young bats, though physically immature 
as regards pelage and dentition (Table 1), have a body weight nearly 
equal to that of adult bats. From three until about five weeks of age, 
the bodies of the majority of young bats autopsied had much of their 
body cavity lined with a dense layer of white, light-textured fat. 
Though none of the mean weights of the samples of young bats ex- 
ceeded the 11.78 gm. average weight for adults, in many instances 
the weights of individual young bats approached that value. 

The mean weight of young bats autopsied at about six weeks of age 
(days 39 and 43) was significantly less heavy (P is less than 0.05) 
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than that of individuals autopsied at three to five weeks of age. Pos- 
sibly this loss in weight is due to the loss of the fat upon the inception 
of flight, as this is the time at which they are beginning to fly outside 
the cave. This loss was also pointed out, for the Mexican free-tailed 
bat in California, by Krutzsch (1955) who noted that the body weights 
of newly flying bats were less than those of adults observed at the 
same time. 

The weight of the body of young bats remained less than that of 
adult bats until about twelve or thirteen weeks of age. The mean 
weights of the September 1 through 15 sample for adults and young 
bats were no longer statistically distinguishable at the 95 percent 
confidence level. Part of the elapsed time until sub-adult bats attained 
the weight of adult bats may represent the time required for young 
bats to become proficient flying insectivores. 

The wet weights of the adrenal glands of young and sub-adult bats 
(Figure 3) show an increase to levels similar to those obtained for 
adult bats (total of 867) by three weeks of age. The mean adrenal 
weights of young bats obtained on July 21 and 28 (at about seven 
weeks of age) were significantly more heavy than those mean weights 
obtained at about nine weeks of age (P is less than 0.05). The time 
period corresponded fairly closely to the time when young bats first 
left the cave on foraging flights. No histological work was done so the 
cause of this loss in weight is not known, but it may reflect a loss of 
fat which may have infused into the organs during the growth period. 

During April and the first part of May, the mean weight of the 
adrenals of adult males was generally variable and heavier than at 
any subsequent time during the 1958 study period. The average 
adrenal weight of female adults increased from mid April to mid 
June, the general period of late or visible pregnancy. This adrenal 
weight level remained high from mid June to the middle of July, (the 
1958 weaning period) and decreased at the close of the lactation 
period. Christian (1956) who investigated the big brown bat (Eptesi- 
cus fuscus) in Maryland, also reported an increase in the weight of 
the adrenals associated with pregnancy and early lactation, and a 
subsequent decrease in adrenal weight towards the end of the lactation 
period. 


SUMMARY 


Several aspects of the growth and development of Mexican free- 
tailed bats, Tadarida brasiliensis mexicana (Saussure), are described. 
Bats were studied from about 25 days before birth until they were 
physically indistinguishable from adult bats. 

Young bats are born with deciduous teeth that are shed by two weeks 
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of age. Eruption of molars, premolars, canines, and incisors is quickly 
completed and by six weeks of age the teeth are similar to those of 
adult bats. Young bats are born naked and pink in color. By two weeks 
of age a grey pigmentation is nearly complete and a pelage has begun 
to develop. Pigmentation is completed over the entire body by four 
weeks of age and pelage by six weeks. The sub-adult pelage is grey 
in color and soft in texture. 

The growth of young bats is rapid. This conclusion is based on the 
autopsy and examination of 69 fetuses and 145 young bats. The length 
of the forearm of young bats increased rapidly so that by five weeks 
of age it was similar to that measurement for adult bats. The body 
weight of young bats at birth is about 20 percent of the average weight 
of adult bats. The relatively large young bat grows rapidly so that at 
three to five weeks of age its weight is nearly similar to that for adult 
bats. Young bats at this age are very fat because of a great infusion 
of milk fat throughout the body. Upon first flying, a statistically sig- 
nificant loss in weight occurred. Adult-like weight was not reattained 
in flying young bats until they were twelve or thirteen weeks of age. 
The weight of the adrenals of three 1-week old bats was similar to that 
of adults but the adrenal values decreased when sub-adult bats began 
to fly outside the cave. 
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INHERITANCE OF THE GREEN VERTEBRAL 
STRIPE IN ACRIS CREPITANS 


WiLLiam F. PyBurN 


Department of Biology, Arlington State College, Arlington, Texas 


ABSTRACT. The phenotype ratio obtained from crosses between green-striped 
cricket frogs (Acris crepitans) shows that the presence or absence of the green 
vertebral stripe is determined by a pair of alleles in which the gene for green stripe 
is dominant. 


Certain individuals of the cricket frog, Acris crepitans, have a 
green vertebral stripe, while others lack the green stripe color, If the 
vertebral stripe is not green, it is often some shade of gray similar to 
other light parts of the dorsum, or it may be any of several shades of 
red, brown or reddish-brown. The objective of the work presented 
herein was to learn the method of inheritance of the green vertebral 
stripe. All frogs that did not have a green stripe will be referred to as 
“nongreen.” 

Evidence was presented in an earlier paper indicating that the 
presence or absence of the green stripe is determined by a single pair 
of alleles with dominance (Pyburn, 1961). Data from green x 
nongreen and nongreen X nongreen crosses fitted a green dominant- 
nongreen recessive hypothesis with the exception that one non- 
green X nongreen cross produced both phenotypes in about equal num- 
bers. Since under certain circumstances a frog with a green stripe at 
metamorphosis may appear gray later on, it was suggested that one 
of the parents in the one dissenting cross had lost the green color and 
was therefore recorded as nongreen. An alternative explanation is 
that no such loss of color had occurred, and that nongreen is dominant 
to the green-striped condition. If so, a cross between any two green- 
striped frogs could produce only green-striped offspring. If, on the 
other hand, green is dominant and nongreen recessive, crosses be- 
tween green-striped frogs would be expected to yield either all green 
offspring, or both phenotypes in the ratio 3 green : 1 nongreen. Until 
recently all green x green crosses had failed to produce metamor- 
phosed offspring under laboratory conditions. Young frogs have now 
been obtained from two green X green matings, which form the basis 
of this report. 
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METHODS AND MATERIALS 


Both crosses were made artificially, near the collecting sites in 
Cherokee and Houston Counties, Texas. The floor of the trunk com- 
partment of the car served as a working surface. Each frog was washed 
with tap water, brought for this purpose, immediately before it was 
used in a cross. Sperm suspensions were prepared from the testes of 
the males in petri dishes, and eggs were stripped from the females 
directly into the suspensions. After allowing several minutes for 
fertilization to take place, each petri dish was lowered into a large- 
mouthed gallon jar containing pond water, and transported to the 
laboratory in this manner. The zygotes were then transferred to 
16 x 10 x 21% inch enamel pans containing pond water, and the un- 
fertilized eggs were removed. Since stripe color does not appear until 
after metamorphosis, it was necessary to raise the offspring through 
the tadpole stage. Some of the tadpoles died before transformation and 
were discarded. The tadpoles were fed strained spinach, boiled lettuce 
and a commercial fish food preparation. 

Stripe colors of all frogs were recorded with the aid of a binocular 
dissecting microscope. 


RESULTS 


Each cross produced both green-striped and nongreen offspring. In 
one F, lot (cross A, 32 frogs), 87.50% had a green vertebral stripe 
and 12.50% did not. In the other (cross B, 28 frogs), 71.43% had a 
green stripe and 28.57% did not. There were no intermediates. All 
of the offspring were clearly either green-striped or nongreen at meta- 
morphosis. Among the nongreen frogs from cross A, three had gray 
vertebral stripes and one had a light reddish stripe. In cross B four of 
the nongreen young were gray-striped and four had light reddish or 
bronze stripes. 

Table 1 shows the observed number of offspring in each class, and 


TABLE 1 


Observed and expected stripe color frequencies in the F , of crosses 


between green-striped cricket frogs 














F, stripe colors 
Green Nongreen 
Cross Obs. Exp. Obs. Exp. x? P 
A. green X green 28 24 + 8 2.041 >0.10 
B. green X green 20 21 8 7 0.048 >0.80 
A. + B. 48 45 12 15 0.556 >0.30 








the number that would be expected if the F, lots were segregating in 
the ratio 3 green : 1 nongreen. Results of the crosses fit the 3 : 1 ratio, 
both individually and collectively, assuming the level of significance 
to be marked by the value P = 0.05. The values of chi-square in Table 
1 were computed with the use of Yates” correction for continuity, but 
the observed frequencies do not differ significantly from expectation 
without Yates’ correction (see Simpson, et al., 1960: 190). 


DISCUSSION 


The occurrence of nongreen offspring in the F, of both green x 
green crosses rules out the possibility that the green stripe is recessive 
to nongreen. The simplest and most reasonable explanation which 
would account for the 3 green : 1 nongreen ratio is that the presence 
or absence of the green stripe is determined by a pair of alleles in 
which a gene for green stripe is dominant, and that all four parents 
in the two green X green crosses were heterozygous. Since in Texas 
colonies the green phenotype is usually greatly outnumbered by non- 
green, the probability that any one green-striped frog would be hetero- 
zygous is very good. In a sample of 521 recently metamorphosed frogs 
from Bastrop County, Texas, 83.30% were nongreen. If all nongreen 
frogs are homozygous (or at least do not carry a dominant green gene). 
then the frequency of the nongreen allele (q) in this colony is 
V 0.8330 = 0.9127, and the frequency of the green allele (p) is 1 — q = 
0.0873. Assuming random mating, the expected genotype frequencies 
are 

p?(GG) = 0.0076 
2pq (Gg) = 0.1594 
q (gg) = 0.8330. 


Therefore, in the Bastrop County colony, heterozygotes (Gg) would 
be expected to occur about 20 times more frequently than dominant 
homozygotes (GG). 

Among 31 collections from different localities in Texas, the highest 
green stripe proportion was 27.71% in a sample of 83 adult frogs from 
Henderson County. If it is assumed that all green striped frogs showed 
the green color at the time of sampling, the gene frequencies would 
be q = 0.8502 and p = 0.1498, and heterozygotes would be expected 
to outnumber dominant homozygotes by approximately 11 to 1. 
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RATE OF LARVAL DEVELOPMENT AND 
METAMORPHOSIS OF THE SPADEFOOT 
TOAD, SCAPHIOPUS BOMBIFRONS 


WiLLiam J. Voss 


Department of Biology, Texas Technological College, Lubbock 


ABSTRACT. Tadpoles of Scaphiopus bombifrons were studied during the summer 
of 1958 to determine the rate of development and the time of metamorphosis in a 
natural habitat on the high plains of west Texas. Development is rapid with trans- 
formation usually occurring when the larvae attain a body length of 40 to 56 milli- 
meters and are 15 to 20 days of age. 


PROBLEM 


Many papers on the breeding and behavior, the range, and the taxo- 
nomic relationships of the spadefoot toads have been written. Not one 
of these gives conclusive data on actual developmental time require- 
ments, especially in natural habitats. 

Burgess (1950) reported that complete development of the spade- 
foots, S. hammondi, requires four to eight weeks under controlled 
laboratory conditions, and Bragg (1944) reported four weeks for S. 
hurteri, while Blair (1949) gives three weeks or less for S. holbrooki. 
Very little has been published on the developmental rates and the 
environmental factors affecting these rates for S. bombifrons. Two 
studies by Trowbridge (1941-42) were concerned only with the em- 
bryonic development at temperatures ranging between 23°C and 25°C. 
She reported that the larvae develop in nature at temperatures higher 
than this and that it is doubtful whether the 23°C to 25°C is the so- 
called normal range. The present study of the developmental rate of 
Scaphiopus bombifrons in a natural habitat was undertaken to de- 
termine the rate of development in a natural population. 

This work was carried on under the direction of Donald W. 
Tinkle whose encouragement and guidance made this study possible. 
I also wish to express my appreciation to Arthur N. Bragg for his 
critical reading of the manuscript and for his helpful suggestions. 


DESCRIPTION OF AREA 


The region under study is in the high plains grassland vegetation 
zone. The topography consists of a flat, gently sloping plain; and the 
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compact, finely textured dark-colored soil is underlain at a depth of a 
few feet by a weather-resistant, naturally cemented stratum known 
as caprock, as reported by Tharp (1939). This condition allows some 
of the run-off water to collect in shallow, basin-like depressions, playa 
lakes, and in other temporary pools. 

The period of collection and observation was the calendar period 
May 31-June 22, 1958. The specific region studied was a water-filled 
roadside ditch bordering U.S. Highway 84 and located two miles north- 
west of Slaton, Lubbock Co., Texas. The bottom and shoreline were 
moderately covered with a variety of herbs, grasses, and algae. The 
pool was exposed to the full rays of sunlight since there were no trees 
or shrubs in the immediate vicinity. The animal life was abundant 
and varied. Protozoa and rotifers were common. Adult and larval 
forms of aquatic beetles, bugs and flies were also abundant. 

At the beginning, the observation pool occupied an area 15 by 150 
feet. The pool was initially formed during early May when two inches 
of rain fell. It was maintained for almost two months by additional 
showers which fell late in May and early June. On the 27th of June 
it was completely dry. This ditch-pool was isolated from a large playa 
lake to the north by a high railroad embankment and from another 
playa lake to the south by U.S. Highway 84. 


METHODS AND MATERIALS 


Twelve collections were made at two-day intervals during the period 
of investigation. Specimens were collected with a standard mesh dip 
net from the herbs along the shore line. Approximately 200 tadpoles 
were collected each trip when possible. This became increasingly 
difficult as the population decreased due to collecting and metamorpho- 
sis. Numerous adults were taken when an additional collection was 
made on June 3, 1959 (the succeeding year). This collection verified 
the return of adults to this particular breeding site. 


DISCUSSION 


The activity of a breeding congress was reported in the study tract 
on May 29, 1958, following a light but intense rainfall the previous 
night. The author did not visit the site until May 31, 1958, at which 
time the first collection was made. Eggs were not found at this nor at 
any later time, so it is assumed the eggs hatched in a minimum of 
time prior to the first collection. This agrees with the time to emerg- 
ence of less than 48 hours which Gilmore (1924) reported. 

Gosner (1957) reported that spadefoot eggs (species unspecified, 
probably S. holbrooki) maintained at approximately 21°C hatch in 
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about 18 hours and that the larval period is completed in 14 to 21 days. 
In the natural habitat, however, shallow pools exhibit a great fluctua- 
tion of temperature. At night the minimum temperature may be con- 
siderably lower than 21°C, and during the heat of the day, the maxi- 
mum may approach the critical point of toleration. Gosner stated that 
at this limit of endurance metamorphosis may take place in eleven 
days. He gives the lethal temperature as approximately 32°C. Braga 
reported 13 days, for S. hurteri, as the fastest developmental rate he 
has observed. Bragg found (1945) that all species of spadefoots studied 
exhibit an exceptional toleration to high and greatly fluctuating tem- 
peratures as compared to other amphibian larvae. He has observed 
them living in pools with temperatures of 39-40°C. This range is well 
above the lethal temperature for the majority of the amphibians as 
determined by Moore (1939). Moore found the maximum limiting 
temperature for embryonic amphibia he studied was 35°C or lower. 
His study, however, did not include any of the spadefoot toads. The 
highest water temperature recorded in this study was 30°C but ranged 
from 26-30°C with a mean record of 29°C. As collections and record- 
ings were made in the late afternoon, it is possible that temperatures 
of the pool may have reached higher levels. 

Spadefoot tadpoles not only have a great tolerance for high tempera- 
tures, but they may be necessary for a fast rate of development. If the 
temperatures remain low, this may doom the young by prolonging 
their development. The shallow waters of the habitat dry up before 
metamorphosis can be completed. 

At the seventh collection, the first completely metamorphosed toads 
were evident when three were captured (represented in Figure 1 as 
open squares). Two were under herbs at the shoreline, the third was 
taken in a net. In the eighth and ninth collections, two and four days 
later, one recently transformed individual was captured each time. 
This gives a total of 15 to 20 days from the time of egg deposition until 
the transformation to land was complete. Due to the location of the 
collection site, it seems unlikely metamorphosis could have occurred 
much earlier than 15 days without some individuals being detected. 
The high and exposed embankment to the north provided a barrier to 
freedom as did the wide expanse of highway to the south. These bar- 
riers are parallel for miles, lying on extremely hard packed ground 
and so providing little avenue for escape. Several dead individuals 
were observed on the highway at the eighth collection; after which 
time the number of individuals taken in the pool decreased appreciably 
with only 14 specimens found on the last trip. 

Apparently the transformation period does not always require the 
same amount of time. Trowbridge and Trowbridge (1937) reported 
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Fig. 1. The distribution of specimens of Scaphiopus bombifrons tadpoles showing bidaily 
variation in length. Total length in millimeters is shown on the abscissa, number of specimens 
on the ordinate. (Metamorphosed individuals are represented by open squares.) 
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transformation of S. bombifrons at a body length of 16 to 19 milli- 
meters and a tail length of 15 to 20 millimeters (total length 31 to 39 
millimeters). However, from the data recorded here (see Figure 1) 
it is noted that not until growth reached the 40 millimeter size did the 
numbers begin decreasing. Of the newly transformed toads collected, 
only one falls within the 31 to 39 millimeter category of Trowbridge 
and Trowbridge, and its tail was already partially absorbed. The only 
transformed individual taken before absorption of the tail began meas- 
ured 56 millimeters, 21 millimeters over the Trowbridge mode. While 
there may be many reasons for these differences, the most probable 
seems to be due to environmental factors. Trowbridge (1943) reported 
variations in development and time of metamorphosis of experimental 
larvae probably as a direct result of food differences. In some three- 
week old tadpoles which had raw liver included in their diet, meta- 
morphosis occurred about three days earlier than it did for those re- 
maining in the field. Gudernatsch (1914) found that liver-fed tadpoles 
exhibited a much faster rate of development. They are second only to 
those which were fed on thyroid materials. 

Transformation time as reported by Gilmore (1924) ranged from 
36 days in 1921 to 39 days in 1923 for S. bombifrons. Two factors 
which may account for this disagreement with the present study are 
as follows: (1) the higher altitude and resulting lower general tem- 
peratures where Gilmore worked, and (2) the geographic isolation 
may have resulted in possible developmental time variations. Recent 
studies on the spadefoots in Colorado are not available. 

It is also interesting to note that there were a number of individuals 
taken over the 40 millimeter length, especially at the beginning of 
the collection period. Figure 1 shows the distribution of specimens with 
regard to length. It is evident that the first sample is almost equally 
divided into two size groups. The second sample also shows a distinct 
division with a few straglers continuing to the fourth sampling. The 
largest tadpoles collected ranged from 74 to 77 millimeters. In all. 76 
individuals over 40 millimeters were taken with the majority in the 
first two collections. The apparent explanation for this delay in de- 
velopment, as compared with the study group, was the cooler tempera- 
tures prevalent during early May. There was a heavy rain on May 8, 
1958, followed by light but turbulent storms on the 11th and 12th. 
This provided, along with the high temperatures ranging in the 
eighties, ideal conditions for mating activities which undoubtedly 
occurred. The ten days of cool weather which followed slowed down 
the developing tadpoles so that complete transformation of this group 
did not occur until after the first sample collection. The study group 
was actually individuals from the second mating session of the season; 
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the first occurred about the 10th of May. This accounts for the large 
number of individuals over the 40 millimeter size taken during the 
first two collections. This fact is also evident in Figure 2 with respect 
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COLLECTIONS 
Fig. 2. Correlation of the mean with the mode for each bidaily sample 
to the plot of mean body lengths. The mean length drops with the 
second and third samplings and then resumes the upward trend where 
it reaches a high of 37 millimeters at the sixth and eighth samples. 
The plot of mode lengths closely parallels the mean lengths (see 
Figure 2). It does rise at the last due to the depleted population. 


SUMMARY 
The spadefoots are specialized animals closely adapted to a rigorous 


environment. In S. bombifrons larval development is exceedingly 
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rapid, transformation occurring when the tadpoles attain a body 
length over 40 and up to 56 millimeters and are between 15 and 20 
days of age. This developmental time requires a habitat condition 
with an abundant food supply and relatively high temperatures. The 
water temperature of the pool ranged from 26-30%C with a mean 
recorded temperature of 29°C. 
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ABSTRACT. The vegetation of the basin of Lake Chicot, originally cypress-tupelo 
gum swamp bordered by upland hardwood forest, was studied by Penfound follow- 
ing impoundment. This paper gives results of a re-examination of the same area. 
After eighteen years of flooding, cypress has decreased in density in the channel 
but has increased in the shallow peripheral zone. Radial growth of cypress trees 
has not decreased, even in the deepest water. Upland forest trees have all died; a 
few bottomland hardwoods survive in shallow water. The lake is presently domi- 
nated by submerged weedy aquatics, especially cabomba and elodea. Winter draw- 
down of the lake level has not solved the aquatic weed problem. 


INTRODUCTION 


Lake Chicot (Fig. 1) located in Evangeline Parish, Louisiana, came 
into being in the winter of 1942-1943, when a dam across Chicot Bayou 
was closed and the water level was allowed to rise, flooding an area of 
about 2000 acres. At spillway level the lake averages about 7 feet in 
depth, with a typical channel depth in the old bayou of about 11 feet. 

In an attempt to reduce the excessive growth of submerged and 
floating-leaved aquatic plants the lake level has been lowered every 
year since 1945, except in 1952 and 1956. For a few years recessions 
of 5 to 7 feet were practiced, resulting in good control in the peripheral 
and backwater areas of the basin. In recent years the level has been 
drawn down only about 4 feet below the spillway; starting early in 
September it is kept down until about January 1st. 

Most of the lake basin was originally a cypress-tupelo gum swamp 
and the woody vegetation consisted mainly of bald cypress (Taxodium 
distichum), tupelo gum (Nyssa aquatica), water elm (Planera aqua- 
tica), and button bush (Cephalanthus occidentalis). The marginal, 
shallower portions of the lake originally supported upland vegetation. 

For convenient comparisons with the earlier data of Penfound 
(1949), present vegetation will be considered in four groups. The 
most extensive category continues to be that of the original swamp. 
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Fig. 1. The small inset at bottom left shows the location of Lake Chicot in south central 
Lovisiana. The enlargement shows detail of the area. Bayou Choctaw is the lesser of two 
main inlets of the impoundment, the other being Bayou Chicot itself. At spillway level the 
lake drains eastward into Bayou Cocodrie, a major tributary of the Teche. The ‘“‘Northwest 
Cove" siudy area is indicated by the open circle. 


As a swamp it was undoubtedly subject to some flooding, mostly in 
spring. Now it is flooded to a much greater depth and, except on the 
highest ground, continually. Under such conditions there can be no 
reproduction of swamp plants from seeds; moreover continuous flood- 
ing has had a deleterious effect on individuals already present. The 
result is that this vegetation is gradually dying out. 

A second type is the former upland vegetation. This is now in water 
less than two feet deep, with the lake at spillway level. The plants are 
generally not tolerant of flooding and do not survive even in shallow 
water. Again there is no reproduction of upland species because of 
flooding during most of the year. 

A third category consists of herbaceous aquatics, some introduced 
since 1943. They are becoming increasingly important. A fourth group 
is that on floating logs. These logs are interesting but are decreasing 
in number with the passing years. 

Penfound (1949) studied the vegetation of Lake Chicot for several 
years and made certain predictions about its future character. The 
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present paper reports on the same area and is based on observations 
made on November 2, 1960 and March 29 and 30, 1961. One of the 
authors (Moore) had worked with Penfound and was acquainted with 
the area and the methods used in the earlier study. 


SWAMP VEGETATION 


Penfound (1949) selected two sites near the Experimental Station 
in Northwest Cove of Lake Chicot for quantitative studies. Swamp 
vegetation was that in water over 2 feet deep with the lake at spillway 
level; shoreline vegetation was in water 0-2 feet deep. The shoreline 
vegetation was located at the head of the cove (Figs. 2a and 2b), and 





Fig. 2a. Looking toward head of Norihwest Cove, February 23, 1945. Water level 
about 31/2 feet below spillway. 


the swamp vegetation about 100 yards to the east, along a former fence 
line (Fig. 3). Penfound determined the number of living trees of each 
species in each area at the time of impoundment (1943), and at two- 
year intervals to 1947. His data, together with those of the present 
authors, for 1960, are given in Tables 1 and 3. 

Bald cypress was the most abundant tree in the deeper water in 
1943 and it still is (Table 1). The mortality rate which was only 3% 
during the first 4 years has been 50% in 18 years. This fact suggests 
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Fig. 2b. Same location, November 2, 1960. Water down about 4 feet. Note numbers 


and size of young cypress in background. 


TABLE 1 


Living trees in fence line area, Experimental Station, Lake Chicot* 


Water 2-10 feet deep 





Original 
Species 1943 
Cephalanthus occidentalis L. 8 
Nyssa aquatica L. 58 
Planera aquatica 
(Walt.) J. F. Gmel. 12 
Taxodium distichum 
(L.) L. C. Rich 148 


Oct. 12, 1945 

Percent 

No 1943 
3 37 
55 56 
10 83 
146 98 


Apr 


No 


10 


144 


28, 1947 

Percent 
1943 
14 
33 


83 


97 


Nov 
No 
0 


27 


2, 1960 


Percent 


1943 


0 
28 


0 


50 





* Data for 1943, 1945, 1947 from Penfound 


1949). 


an accelerated rate of mortality with increased time. Tupelo gum had 
a higher rate of mortality than cypress and only 28% survived to the 
present. Most button bushes died during the first 4 years but water 
elm survived quite well for the same period. Subsequently all remain- 
ing individuals of both species have died in this deeper water area. 
Tupelo gum has survived better in deep water than Penfound an- 
ticipated. He had predicted that all gum trees would be dead and 
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Fig. 3. Former ‘“‘fence-line’’ area. Swamp forest in water 2-10 feet deep (at spillway 
level) in background. November 2, 1960. Water down about 4 feet. 


disintegrated by 1955. Actually every tupelo gum tree which is now 
alive in deep water, anywhere in the lake, has broken or decayed off 
at approximately the highwater level and has sent out many stems 
from near the apex of the remaining trunk. At time of high water only 
the new stems are now visible and the result has the appearance of 
a thicket of young gum trees. 

Throughout the lake many of the living cypress trees have dead 
tops. No actual counts were made but it is estimated that half of the 
cypress trees growing in deep water are in that condition; the per- 
centage is smaller in shallow water. 


INFLUENCE OF FLOODING ON RATE OF RADIAL 
GROWTH OF CYPRESS TREES 
As a further measure of the influence of flooding on growth of 
cypress trees several increment cores were taken for the purpose of 
comparing radial increase during the past 18 years with that before 
flooding. This was done on March 29 and 30, 1961 at a time when 
water was 16 inches above spillway level. Increment cores were taken 
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from 15 trees; 5 in the channel area, where water was 9 to 11 feet 
deep; 5 near the east bank, where water was 3 to 5 feet deep; and 5 
close to the north shore of the Northwest Cove. Four of the latter group 
were in water between 27 and 32 inches deep, and one was in 58 inches 
of water. All borings were made from a boat and at heights varying 
between 4 feet and 13.5 feet above the soil surface, depending upon 
the depth of the water. 

Growth data for each group of five trees have been combined. In 
Table 2 the average radical increments in mm. per year, since 1943 
and before 1943, are presented for each set of trees. The most in- 


TABLE 2 


Comparison of radial growth of cypress before and after flooding 








Ave. radial increment Ave. radial increment 
in mm./yr. 1943-1960 in mm. /yr. prior to 1943 
5 trees in main channel, 89 to 226 
years old, at height bored 1.45 1.26 
5 trees near east bank, 78 to 107 
years old at height bored 2,14 1.85 
5 trees near north bank, Northwest Cove, 
15 to 19 years old at height bored 6.48 





teresting fact is that the average annual growth has increased slightly 
since 1943. Not only is the average higher for each group but in nine 
of the ten trees for which there are comparative records the growth 
rate was higher. This may or may not mean that flooding has stimu- 
lated radial growth; it probably does mean that flooding has not re- 
tarded it. 

The increase in rate of growth may very well be a result of de- 
creased competition. Emergent trees are gradually dying out and all 
small trees and shrubs which were submerged died soon after the 
initial flooding. Also, many of the larger cypresses were cut for lumber 
in the years prior to flooding. In a majority of the trees in which 
growth rate has increased in recent years the acceleration actually 
began about 25 years ago, thus some time before first flooding. This 
may be a reflection of the cutting mentioned. 

It was not realized at the time of selection that the trees near the 
north bank of Northwest Cove were all very young. Only one tree 
predated the year 1943, at the height where bored. All must have been 
established trees, tall enough to escape prolonged, complete submerg- 
ence, at that time. A comparison of the growth rates of these young 
trees with that of older trees is interesting. The average radius in- 
creased about three times as fast in the younger group. 
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SHORELINE VEGETATION 


The shoreline area (Figs. 2a and 2b) was presumably rarely, if 
ever, flooded before 1943, hence it supported a greater number of kinds 
of trees (12) than did the fence line area. Since 1943 most of this shore- 
line area has been flooded when the lake level is up. Table 3 sum- 


TABLE 3 


Living trees along shoreline at Northwest Cove, Experimental Station, Lake Chicot* 
Water 0-2 feet deep 








Oct. 12, 1945 Apr. 28, 1947 Nov. 2, 1960 
Original Percent Percent Percent 
Species 1943 No. 1943 No. 1943 No. 1943 
Carpinus caroliniana Walt. 7 0 0 0 0 0 0 
Diospyros virginiana L. 41 27 66 3 8 2 5 
Hicoria pecan 
(Marsh) Britton. 2 0 0 0 0 0 0 
Liriodendron tulipifera L. 1 0 0 0 0 0 0 
Liquidambar styraciflua L. 31 + 13 2 7 1 3 
Nyssa aquatica L. 1 1 100 1 100 1 100 
Nyssa sylvatica Marsh. 2 1 50 0 0 0 0 
Quercus nigra L. 13 0 0 0 0 0 0 
Quercus lyrata Walt. 2 1 50 1 50 1 50 
Salix nigra Marsh. + 3 75 3 75 2 50 
Taxodium distichum 
(L.) L. C. Rich 60 59 98 55 90 230 383 
Ulmus alata Michx. 9 1 11 0 0 0 0 





* Data for 1943, 1945, 1947 from Penfound (1949). 


marizes the survival history in the area. All of the survivors in 1960, 
including two persimmons (Diospyros virginiana L.), one red gum 
(Liquidambar styraciflua L.), one tupelo gum, one over-cup oak 
(Quercus lyrata Walt.), and two willows (Silax nigra Marsh.) are 
trees which characteristically tolerate some temporary flooding, and 
their survival here is not surprising. All but willow are typical bottom- 
land hardwood species. The true upland trees are all dead. 

The great increase in cypress in the shoreline area is somewhat 
surprising. This actually represents reproduction from seeds which 
germinated in wet soil, presumably when water level was down. Seed- 
lings at or above the high water mark, or near enough to it so they 
were not submerged when water level again rose, would have a chance 
to survive. Apparently many did. Some young trees can be seen in 
the background in Figure 2b. 

When the area at the head of Northwest Cove was visited on Novem- 
ber 2, 1960, hundreds of small cypress seedlings were growing in the 
bare area which is seen in the foreground and in the left background 
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af Figure 2b. The seedlings apparently got started in the two-month 
period during which the water level had been down. That cypress 
seedlings as well as other kinds of tree seedlings do not survive inun- 
dation here is evidenced by the complete absence of any established 
trees. This failure of cypress seedlings to survive submergence is in 
agreement with the findings of Demaree (1932). 


HERBACEOUS AQUATICS 


Almost as soon as the lake was impounded herbaceous aquatics be- 
gan to increase. Gowanloch (1945), reporting twenty months after the 
initial impoundment, stated that Cabomba caroliniana A. Gray (fan- 
wort) was so abundant it snagged fish hooks and interfered with boat 
navigation. He stated that lotus (Nelumbo lutea (Willd.) Pers.) and 
water shield (Brasenia schreberi Gmel.) were both present and po- 
tential menaces. The methods of weed control he recommended were 
draw-down of water level during the winter season, and “fertiliza- 
tion” to encourage the growth of phytoplankton. Neither water hya- 
cinth (Eichhornia crassipes Solms.) nor alligator weed (Alternanthera 
philoxeroides (Mart.) Griseb.) was present at that time. 

Penfound (1949), in his report on observations made between 1943 
and 1947, stated that the area occupied by lotus was reduced from 30 
acres in 1945 to less than an acre in 1947, This reduction was the result 
of under-water cutting and of exposure of the lake bed by water level 
draw-down, during which period the lotus rhizomes were rooted out 
by pigs. Water shield and white water lily (Nymphaea odorata Ait.) 
were reduced from a condition of “abundant, in patches” to one of 
“scattered” during the same period. Cabomba and hornwort (Cerato- 
phyllum demersum L.) were reduced from “heavy throughout” to 
“absent in less than 414 feet water.” 

Since 1947 three more weedy aquatics have entered the lake; water 
hyacinth, alligator weed, and elodea (Elodea densa (Planch.) Cas- 
pary ). Of these, elodea has become the worst weed pest. Geagan (1960) 
suggests that elodea was able to increase rapidly because the lake level 
was not drawn down in 1956. By the summer of 1957 it had filled the 
lake basin in the vicinity of the main boat landing to such a degree 
that an August draw-down was made, resulting in a heavy fish-kill. 

In November, 1960, the two most abundant aquatics were cabomba 
and elodea. Cabomba occupied an estimated 600 acres in the northern 
part of the lake and elodea occupied about the same area in the south- 
ern half of the lake. Both grew so densely that they prevented boat 
travel except in a few roadways kept open by constant use. The only 
parts of the lake not dominated by one or the other of these weeds were 
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some densely shaded places among cypress trees, and the area domi- 
nated by lotus. 

Alligator weed needs to be rooted for successful growth and so has 
been confined to the margins of the lake. Water hyacinth is being 
successfully controlled with herbicides. Water milfoil and hornwort 
were widespread but not abundant, and lotus was restricted to an area 
of a few acres at the north end of the lake. 


FLOATING LOGS 


In November, 1960, there were very few floating logs in the lake 
because of the low water level, but in late March, 1961, the water level 
was above spillway level and numerous floating logs were seen. It was 
too early in the year to determine all the plants which might grow on 
the logs during an entire season but several species were identified. 
The most abundant species was false-nettle (Boehmeria cylindrica 
(L.) Willd.), just as it had been nearly 14 years earlier when Pen- 
found described the logs. Second in abundance was a grass, Andro- 
pogon virginicus L. Bedstraw (Galium tinctorium L.) was seen on 
two logs. Mosses were present on several logs. 
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NOTES 


KEYS TO LOUISIANA VIOLETS (VIOLA-VIOLACEAE) .—Because there is 
considerable interest in wild violets, and those of the southern states have not been 
defined adequately, the following keys are presented. As the characteristics of the 
species differ from spring to summer two keys have been prepared, one which may 
be used when petaliferous flowers are present and the other for the longer summer 
period when they are absent. Herbarium material was examined from Tulane 


University, Louisiana State University, and all other major southeastern herbaria. , 


In addition two extended collecting trips were made in Louisiana during 1959. 1 
would like to express my appreciation to Professor Joseph Ewan of Tulane Uni- 
versity for his assistance in locating herbarium material and for serving as a guide 
to many interesting habitats. 


SPRING (FLOWERING) KEY TO LOUISIANA VIOLETS 


1. Petals white, purple-veined; rootstocks narrow, bearing stolons. 


2. Laminas 3.5 to 12 times as long as broad V. lanceolata L. subsp. 
vittata (Greene) Russell 
2. Laminas 1.5 to 3 times as long as broad V. primulifloia L. 


1. Petals blue or yellow, rarely white; rootstocks thick, not bearing stolons. 
3. Plants caulescent; with leafy flowering stems. 
4. Petals yellow V. pensylvanica Michx.* 
4. Petals some shade of blue or violet. 
5. Stems creeping; flowers with basal petal spurs 
2-5 mm. long V. walteri House 
5. Stems erect; basal petals not conspicuously spurred. 
6. Stipules very large and leafy; flowers large and 
variously colored V. tricolor L. 
6. Stipules smaller; flowers tiny, with light blue petals V. bicolor Pursh 
3. Plants acaulescent; flowering peduncles leafless. 
7. Flower flat in appearance; petals all glabrous; rootstock short and 
vertical; leaves deeply cut into linear lobes V. pedata L. 
7. Flower papilionaceous; at least the lower pair of petals bearded; 
rootstock horizontal and branching; leaves various. 
8. Leaves conspicuously toothed or lobed. 
9. Lamina shape lanceolate to narrow-ovate, with about 6 
conspicuous basal lobes; buds and fruits sagittate ...... V. sagittata Ait. 
9. Lamina shape ovate to reniform; whole leaf deeply divided; 
buds and fruits ovoid. 
10. Laminas pubescent on both surfaces. 
11. Leaf divided into 4-6 deep lobes; central portion of leaf 
obovate, undivided; pubescence on lower surface of 
lamina markedly denser near petiole V. lovelliana Brainerd 
11. Leaf basically divided into three large lobes; each of 
these further divided into deep, narrow sections; pubes- 
cence on lower surface of lamina uniform V.triloba Schwein. var. 


dilatata (Ell.) Brainerd 
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10. Laminas glabrous on lower surface, with tiny hairs on lobes 
of upper surface. 
12. Leaf basically divided into three large lobes, these some- 
times further divided; fruits large; stipules in fruit often 
with conspicuous spurs . .V. esculenta Ait. 
12. Leaf deeply divided into 5-7 long, narrow lobes; middle 
lobe uncut, others sometimes with small lobes; stipules 
in fruit without conspicuous spurs . V. septemloba DC. 
8. Leaves entire. 
13. Laminas pubescent on both surfaces. 
14. Leaf shape ovoid to narrowly ovate; surfaces densely pubes- 
cent with short, straight hairs. . IL .V. villosa Walt. 
14. Leaf shape broadly ovate to milita po aolaretaly 
to densely pubescent with long, intertwined hairs. .. .V. sororia Willd. 
13. Laminas glabrous on lower surface, with tiny hairs on the lobes 
of the upper surfaces. 
] 15. Leaf blades small, somewhat triangular; peduncles conspicu- 


| ously longer than petioles in early spring V. langloisii Greene 
) 15. Leaf blades larger, ovate to reniform; peduncles about the 
same length as the petioles in early spring V. floridana Brainerd 


SUMMER (VEGETATIVE) KEY TO LOUISIANA VIOLETS 


1. Rootstocks narrow, bearing abundant leafy stolons. 
2. Laminas 3.5 to 12 times as long as broad V. lanceolata subsp. vittata 
2. Laminas 1.5 to 3 times as long as broad .V. primulifolia 
1. Rootsocks thick and fleshy, not stoloniferous. 
3. Plants caulescent: with leafy flowering stems. 


4, Stems creeping; forming extensive mats V. walteri 
4. Stems erect; not forming mats. 
5. Stipules entire, small, scarious V. pensylvanica* 
5. Stipules fimbriately lobed at base, large, green. 
6. Stipules nearly as large as the leaves; plants large V. tricolor 
6. Stipules about half as large as the leaves; plants small V. bicolor 


| 3. Plants acaulescent; flowering peduncles leafless. 
7. Cleistogamous flowers absent; rootstock short and vertical; leaves 
| deeply cut into linear lobes V. pedata 
7. Cleistogamous flowers present; rootstock horizontal and branching; 
leaves various. 
8. Leaves conspicuously toothed or lobed. 
9. Lamina shape lanceolate to narrow-ovate, with about 6 con- 
spicuous basal lobes; cleistogamous fruits sagittate V. sagittata 
9. Lamina shape ovate to reniform; whole leaf deeply divided; 
buds and fruits ovoid. 
10. Laminas pubescent on both surfaces. 
11. Leaf divided into 4-6 deep lobes; central portion of leaf 
obovate, undivided; pubescence on lower surface of 
lamina markedly denser near petiole V. lovelliana 
11. Leaf basically divided into three large lobes; each of 
these further divided into deep, narrow sections; pubes- 
cence on lower surface of lamina uniform. .V. triloba var. dilatata 
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10. Laminas glabrous on lower surface, with tiny hairs on lobes 
on upper surface. 
12. Leaf basically divided into three large lobes, these some- 
times further divided; fruits large; stipules in fruit often 
with conspicuous spurs V. esculenta 
12. Leaf deeply divided into 5-7 long, narrow lobes; middle 
lobe uncut, others sometimes with small lobes; stipules 
in fruit without conspicuous spurs V. septemloba 
8. Leaves entire. 
13. Laminas pubescent on both surfaces. 
14. Leaf shap> ovoid to narrowly ovate; surfaces densely 


pubescent with short, straight hairs V. villosa 
14. Leaf shape broadly ovate to reniform; surfaces moderately 
to densely pubescent with long, intertwined hairs V. sororia 


13. Laminas glabrous on lower surface, with tiny hairs on the 
lobes on the upper surfaces. 
15. Leaf blades small, somewhat triangular; peduncles con- 


spicuously longer than petioles in early spring V. langloisii 
15. Leaf blades larg>r, ovate to reniform; peduncles about the 
same length as the petioles in early spring V. floridana 


—Norman H. Russell, Arizona State University, Tempe. 


* Should be looked for in northern Louisiana. 


BRYOPHYTIC FLORA OF A WEST TEXAS CANYON.—Although careful 
bryophytic studies have been made in certain counties of Texas, many areas have 
received no attent‘on. This ‘s clearly shown by the fact that only 378 species of 
mosses and liverworts have been reported from 136 of 254 counties. most of these 
in the eastern and southern parts. The largest untouched area is the Panhandle and 
South Plains of northwest Texas. Moss collections from the 99 counties included 
in this vast region have yielded the following species: Astomum phascoides, Bryum 
argenteum, Didymodon tophaceus, D. trifarius, Eucladium verticillatum, Grimmia 
pulvinata, G. raui, Leptodictvum riparium var. obtusum, Physcomitrium keller- 
mani, and Weissia controversa. (Whitehouse and McAllister, The Bryologist. 1954, 
57: 53-146) Only one liverwort, Riella americana, has been reported by Studhalter 
(The Bryologist, 1933. 36: 79-82) and Griffin (The Brvologist. 1961, in press). Both 
collections were obtained from playa lakes near Lubbock. All of the mosses and 
lverworts reported represent no intensive study of the plains bryophytes. This 
paper is an initial attempt to determine range extensions of Texas bryophytes and 
their possible floristic affinities. 

The plains region of Texas has a variable annual rainfall, averaging about 18 
inches. The precipitation, sandy soil and rapid drainage provide poor ecological 
conditions for bryophytes in general. This, coupled with extensive, heavy culti- 
vation, has limited the possible collection sites throughout the area. Even the fairly 
permanent flat, dish-shaped playa lakes, and the streams are so variable in depth 
that a bank flora of other than very temporary inhabitants cannot develop. The 
possibility that factors other than surface fluctuations are instrumental in limiting 
the bryophytic flora have been investigated. It seems clear that neither salt concen- 
tration nor pH have a limiting effect since canyon areas that do support mosses 
and liverworts have a high salt and low H+ ion concentration in the water supply. 
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The river canyons and caprock breaks provide habitats in which bryophytes 
abound. There are numerous seeps and springs where a permanent supply of water 
exists, and shade maintains a somewhat higher humidity than elsewhere. Limited 
investigations of canyons along the Canadian River, Red River (both the Salt Fork 
and Prairie Dog Town Fork), White River, Pease River, and Brazos River show 
certain ecologically advantageous growing conditions. The streams run southeast- 
ward. There are many steep-sloped, moist, side canyons. Numerous springs that 
flow constantly occur along the margins. The soil is calcareous, and both limestone 
and sandstone are plentiful. Trees such as cottonwood, juniper, oak, mesquite and 
hackberry provide sites for development of epiphytic mosses and liverworts. A great 
ma'ority of these occur on the north-facing slopes. 

Pleasant Canyon is an offshoot of the Palo Duro on the McGehee Ranch about 
10 miles northeast of Wayside, Armstrong County, Texas. This canyon bears a 
large permanent spring at its western terminus. The stream runs almost due east. 
The canyon is approximately 50 feet deep, steep-sided at its head, gradually 
broadening downstream until both north- and south-facing slopes are sunny 
throughout the day. However, for approximately one mile from its beginning the 
steep-sided, narrow defile is constantly shaded on its north-facing wall. At the 
bottom and approximately three-fourths of the way up the wall several different 
kinds of trees grow in the shady, more humid conditions. 

Several collecting trips to this locality have resulted in the addition of twelve 
mosses and three liverworts to the small list of bryophytes known in the plains 
region of Texas. The closest previously reported county in which they occur is 
given in parentheses in the annotated list. All of the numbers are my own. Duplicate 
collections have been placed in the Texas Technological College herbarium and in 
my personal collection. 


HEPATICAE 


Frullania eboracensis Gottsche; 1889, (Uvalde). On the base of a hackberry tree. 
Collected at one station only on the protected slope. 

Frullania riparia Hampe; 1858, 1859. 1903, 2005, 2009; (Uvalde). Very common 
on the bases of oak, hackberry, and mesquite trees on both the protected and 
exposed slopes. 

Mannia fragans (Balb.) Frye and Clark; 1910, 2028; (Bastrop). In large patches 
on the moist, vertical, north-facing slopes. 


MUSCI 


Amblystegium serpens (Hedw.) Bry. Eur.; 1901, 1908; (Llano). Rather common 
on soil and bases of oak trees in protected areas. 

Amblystegium varium (Hedw.) Lindb.; 1916, 1917, 1973, 1981; (Denton). Very 
common on moist soil, fallen branches and rocks in well-shaded spots in the 
stream. 

Brachythecium oxycladon (Brid.) J. € S.; 1880, 1884, 1938; (Grayson). On drier 
soil and tree bases. Quite widespread along the canyon walls. 

Desmatodon obtusifolius (Schw.) Jur.; 1833, 1921, 1935, 1952; (Tom Green). Prob- 
ably the most common moss in the area. On limestone and soil well up the dry 
canyon walls on both protected and exposed slopes. 

Fabronia ciliaris (Brid.) Brid.; 1889, 1903, 1974; (Jeff Davis). In pure, dense clumps 
and freely mixed with other mosses on dry lime soil along both canyon walls. 

Fabronia ciliaris var. ovata Brid.; 1964; (Jeff Davis). In tufted clumps on soil. 
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Fissidens debilis Schwaeger.; 1831; (Irion). A submerged aquatic on branches and 
stones near the spring. 

Fissidens obtusifolius Wils.; 1903, 1933; (Palo Pinto). In fairly large patches on wet 
limestone and soil in the protected areas of the canyon. 

Fabronia Wrightii Sull.; 1879; (Johnson). Seemingly limited to the bark of oak 
trees. Infrequent. 

Grimmia raui. Aust.; 1866, 1887, 1906; (Crosby). Very common inhabitant of 
exposed sandstone at higher elevations of both north- and south-facing canyon 
walls. 

Homomallium adnatum (Hedw.) Broth.; 1909, 1912. 1918, 1927; (Palo Pinto). On 
soil and tree branches throughout protected areas of the canyon along the stream. 

Tortella flavovirens (Bruch.) Broth.; 1896, 1974; (Palo Pinto). Very common on 
limestone, soil and twigs in the drier regions of the canyon walls. 

Weissia microstoma (Hedw.) Mull.; 1999; (Bastrop). On dry, sandy soil on the 
higher slopes of the canyon wall. 

None of the bryophytes reported is new to the state, although several have been 
reported only once or twice. Weissia microstoma, for example, was reported from 
an indefinite locality in 1849. This merely serves to emphasize the need for more 
floristic work in bryology throughout Texas. 

Generally, the bryophytic flora of the plains is a calciphilic one and, in other 
than the protected canyons, must be able to withstand high temperature and 
extreme drouth. In the canyons, however. certain aquatic forms, such as Fissidens 
debilis. and those requiring much moisture, such as Fissidens obtusifolius, Ambly- 
stegium varium and Mannia fragans, seem to do quite well. These canyons provide 
the moisture and protection necessary for the development of a varied group of 
mosses and liverworts that cannot be found anywhere else on the plains. It is not 
surprising that only one of the mosses, Grimmia raui, has been reported before 
since those collected previously were picked up from lawns and generally exposed 
places near Lubbock.—Paul V. Prior, Biology Department, Texas Technological 
College. Lubbock. 


NATURAL HYBRIDIZATION BETWEEN HADROPTERUS SCIERUS AND 
PERCINA CAPRODES.—On April 10, 1961, while collecting darters from the 
San Gabriel River in Georgetown, Texas, we obtained two hybrids between Hadrop- 
terus scierus (Swain) and Percina caprodes (Rafinesque). One was more brilliantly 
colored, had a smaller urogenital papilla, and had enlarged spiny belly scales, and 
was assumed to be a male; the other was considered to be a female. This has been 
supported in that the male had paired gonads and the female a single median gonad. 
Both were recognized as hybrids in the field and subsequent laboratory examination 
leaves little doubt as to their parentage. Only three other species of darters, 
Etheostoma spectabile (Agassiz), E. gracile (Girard) and E. chlorosomum (Hay) 
live in the general area. It is improbable that any of the three are one of the parental 
species, as the hybrids have the broad heads, small urogenital papillas, less brilliant 
colors, numerous lateral line scales, and enlarged caudaceous belly scales typical of 
Hadropterus and Percina and absent in Etheostoma. It is equally improbable that 
these fish are aberrant individuals of either parental species as they are intermediate 
in almost every characteristic (Table 1 and Figure 1). This is most notable in 
coloration, lateral line scales, and preopercular serrae, characters which are very 
different in the parental species. Therefore there is little doubt that they are hybrids. 
This is supported by their close similarity to F, laboratory hybrids between these 
species. 
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TABLE 1 


Morphologic attributes of Hadropterus scierus, Percina caprodes, and their suspected 
hybrids all obtained from the Brazos River System. The figures for 
Hadropterus scierus are in large part based on Hubbs (1954, 

Amer. Midl. Nat., 52: 211-220) and those for Percina 
caprodes on Hubbs and Strawn (1957, 

Evolution, 11: 1-10). 








Hybrid 
Percina caprodes Female Male Hadropterus scierus 
Spinous dorsal 13.9 (13-15) 12 12 12.0 (11-13) 
Soft dorsal 14.2 (13-15) 13 14 12.3 (12-13) 
Anal rays 
(both sides) 11.6 (10-13) 11 12 10.2 (10-11) 
Pectoral rays 27.6 (25-30) 30 30 28.8 (27-30) 
Lateral line scales 84.0 (81-88) 78 80 64.0 (60-70) 
Preopercular 0 6 8 16 (12-21) 
Caudal base central spot strong central 3 spots 
+ 2 weak spots 
Sides Rectangular Alternating Alternating wide 
blotches blotches and bars and narrow bars 
Back Blotches Alternating Bars 
blotches and bars 
breaking up to 
reticulations 
Snout pig-like with Rounded with Rounded with 
inferior mouth inferior mouth subinferior mouth 





The two fish were brought into the laboratory to check on hybrid fertility. 
Although gametes were obtained from all individuals of the two parental species 
obtained in the same collection, neither hybrid gave any indication of gamete 
production. Subsequently, the fish were killed and the gonads preserved in Bouin's 
fixative. The gonads were much smaller than those of equal-sized individuals of the 
parental species. The hybrid gonads were stained and sectioned by Mr. Barry Uhr. 
Examination showed that neither was functional (Fig. 2). The testis had abnormal 
meiotic segregation, pycnotic nuclei, and degenerating spermatids, and resembled 
Oztan’s (1954, Rev. Fac. Sci. Univ. Instanbul, 19: 245-380, pls. 1-7) type one 
sterile males. The ovary had the attributes of Oztan’s intersex hybrid shown in 
figure 25. It had much somatic tissue and a few rudimentary (and degenerating) 
ova between. This cytological data reinforced the conclusions as to the sterility of 
these two hybrids obtained by observation during the peak of the reproductive 
season of both parental species. As sterility is typical of intergeneric hybrids (Hubbs 
and Drewry, Publ. Inst. Mar. Sci., 6: 81-91) the generic separation of the parental 
species is supported by these findings. 

This hybrid combination has been reported previously (Hubbs and Strawn, 1957, 
Jour. Exptl. Zool., 134: 33-62). In each instance a single hybrid was obtained, one 
from the San Marcos River near Martindale, and the other from the Colorado River 
in Austin. The ecologic conditions in these two habitats are not known; however, 


189 








Fig. 1. Photographs of the hybrids and the parental species. A. Male Hadropterus scierus 
from Georgetown, B. Male Hadropterus scierus from Georgetown, C Male hybrid, D. Female 


hybrid, E. Female Percina caprodes from Georgetown, F. Male Percina caprodes from 
Ft. McKavett. Photographs taken by Mr. Mills Tandy. 





Fig. 2. Photomicrographs of the gonads x 640. A. Male hybrid, B. Female hybrid. 
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because many factors have remained constant since the collection dates (1949 and 
1953) it is possible to postulate on the circumstances that may have been involved 
in the production of the two hybrid individuals. Hubbs (1955, Syst. Zool., 4: 1-20; 
and 1961, Vertebrate Speciation, The Univ. of Texas Press: 5-23) has listed 
restricted and similar breeding sites, disturbance of the environment, and scarcity 
of one parental species and abundance of the other as phenomena associated with 
high incidence of natural hybrids. The breeding sites of the two species appear to 
be similar but not restricted in either previous hybrid capture site. Likewise no 
habitat disturbance is known that can be associated with the production of these 
hybrids. The population densities do seem to correlate in that one species is abundant 
and the other rare at each capture locality. In the San Marcos River Hadropterus 
scierus is the abundant species and in the Colorado River, Percina caprodes is far 
more common. 

The San Gabriel River locality has been collected at irregular intervals for the 
past ten years. Therefore, the conditions leading to the production are well known. 
Because the scales have one annulus, the conditions during the sring of 1960 are 
most pertinent. The breeding sites were abundant and no habitat disturbance oc- 
curred. Collecting during 1960 had not been extensive so even the facetiously 
mentioned disturbance by collectors (Hubbs and Laritz, 1961, Copeia, 1961: 
231-243) could not be involved. Certainly no habitat disturbance occurred which 
approached those involved in the drought and subsequent abundant rainfall which 
resulted in a stream volume in 1957 that was 100 times that in 1956. An examina- 
tion of population densities gives more promising results. Virtually every collection 
from the site contained P. caprodes. The numbers collected during 1959 and 1960 
were especially high. None of the collections prior to 1961 contained H. scierus, 
although one was obtained in 1953 from Berry Creek 3.4 miles from the San 
Gabriel locality (the same collection contained 96 P. caprodes). Therefore it is 
likely that a sparse H. scierus population is resident. 

All four known captures of natural hybrid darters by University of Texas 
personnel correlated better with drastically different population densities of the 
parental species (the three reported here plus that by Hubbs and Laritz) than 
with other considered variables. No major habitat disturbance has been noted which 
seems to be involved.—Clark Hubbs and Charles Michael Laritz, Department of 
Zoology, The University of Texas, Austin. 


A UTA INVASION OF OKLAHOMA.—This paper concerns the eastward ex- 
tension of the range of the side-blotched lizard, Uta stansburiana—Iguanidae, and 
its invasion into, and first record for, the state of Oklahoma. 

Published records on the distribution of this species give the easternmost records 
as Rush Creek in Armstrong Co., and 5 mi. N. of Quitaque, Briscoe Co., Texas 
(B. C. Brown, 1950, Baylor Univ. Press, 257 pages). M. J. Fouquette, Jr. and 
H. L. Lindsay, Jr. (1955, Texas Jour. Sci. 7(4): 402-421) collected this species in 
Palo Duro State Park, Randall Co., Texas. The records reported here represent an 
eastward range extension of approximately 60 miles. 

The first indication that Uta stansburiana may have invaded Oklahoma came 
when Harold L. Cleveland, a student at the University of Oklahoma Biological 
Station, brought in specimens from the south edge of the flood plain of the Red 
River in extreme NW Hardeman Co., Texas, and from under the U. S. Highway 
83 bridge over the Red River in central Childress Co., Texas. Both of these localities 
have areas of extensive sparsely vegetated sand dunes along the south edge of the 
river flood plain. Cleveland reported seeing numerous individuals. A group from 
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the Fort Worth Children's Museum, under the direction of Mr. John Preston, has 
also collected Uta stansburiana at the Hardeman Co. site. 

On August 5, 1961, a field party went to the Red River, 7 miles SW of Hollis. 
Harmon Co., Oklahoma, which is the extreme SW corner of the state. Uta 
stansburiana were abundant on the large dunes (reaching 100 feet above the river 
bed) along the southern (Texas) side of the flood plain. Here the flood plain varies 
from one half to one mile in width at the present time. In certain areas of the flood 
plain, both in the center and near the edge, low dune formation is in progress and 
they are partly vegetated by salt cedar (Tamariz). 

The flood plain dunes were first examined, on the assumption that if Uta was to 
reach the Oklahoma side of the river it would have to either swim the channel or 
establish itself on the dunes on the flood plain when the channel was on the 
Oklahoma side of the flood plain and later move to the Oklahoma side as the shifting 
channel cut to the Texas side leaving dry land between the flcod plain dunes and 
the Oklahoma bank. 

An adult male and female and four hatchlings were captured on a stretch of low 
sand dunes in the center of the flood plain on the Texas side of the channel. The 
Oklahoma edge of the flood plain in this area was very thickly vegetated by salt 
cedar, cottonwood, willow and grasses, a very poor habitat for Uta. 

Approximately one and one half miles east of the above locality, an open sandy 
area with some low dunes was located along the Oklahoma bank of the river flood 
plain. It measured about 500 feet in length and extended back from the river 
channel from 25 to 75 feet, where it was backed by a thicket of salt cedar. After a 
very thorough search of this area, we captured one adult female and eight hatchling 
Uta stansburiana. Another adult and a few hatchlings were observed. Hatchling 
Sceloporus undulatus and adult Cnemidophorus sexlineatus were also recorded here. 
Signs of the kangaroo rat (Dipodomys) activity were present. 

Searches were made on higher sites away from the flood plain; along the edges 
of a cotton field on the upper level of the flood plain and at five different localities 
on high ground off from the flood plain, varying in distance from the river from 
one quarter to two miles and covering a stretch of five miles along the Oklahoma 
side of the river. These higher sites were selected as being the most favorable in 
the area for Uta (open areas near mesquite). No Uta were observed. 

A further search of the large dunes on the Texas side directly across from this 
Oklahoma site revealed a large population of Uta, the hatchlings being most evident. 

The Uta stansburiana beachhead in Oklahoma probably represents a very recent 
invasion across this area of the Red River from the large population on the Texas 
side. SW Oklahoma, especially Harmon Co., offers what appear to be many localities 
with habitats favorable for this species. There have been numerous hepetological 
collectors in this area over the past years, but no Uta have been recorded. It is 
probable that Uta will extend into these areas in time .It is quite possible that this 
new population has reached this area (on the Texas side) by moving down the flood 
plain of the Red River. The cited records from NW Texas (Armstrong, Briscoe, 
Randall, and Childress Cos.) are all on the Red River drainage.—Charles C. 
Carpenter, University of Oklahoma, Norman; Harold L. Cleveland, Northwestern 
State College, Natchitoches, Louisiana; William A. Talbot and J. Michael Goode, 
Fort Worth Children's Museum; Hal J. Merriman, University of Oklahoma; and 
David R. Taylor, Kansas State Teachers College, Emporia. 

ADDITIONAL RECORDS OF MAMMALS FROM EASTERN TEXAS.— 
Knowledge of the geographic and ecologic distribution of mammals from eastern 
Texas was greatly forwarded by McCarley (Texas Jour. Sci., 11 (4): 385-426, 
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1959). He pointed out (ibid.), however, that a number of species of mammals in 
this area were still poorly known. It seems worthwhile, therefore, to record the 
presence of several species of mammals whose occurrence in eastern Texas has 
either been doubted, deemed rare, or not recently documented by preserved speci- 
mens. Unless otherwise noted, all numbers refer to specimens in the collections at 
Stephen F. Austin State College. All measurements are in millimeters. 

Eptesicus fuscus fuscus (Palisot de Beauvois).—On February 9, 1960, an adult 
male big brown bat (No. 717) was obtained on the Stephen F. Austin State College 
Campus, Nacogdoches County. This specimen was clinging to a supporting beam of 
the maintenance shop at the time of capture. On May 8, 1960, a second adult male 
(No. 716) was obtained in a cattle barn approximately 500 yards east of the 
maintenance shop. Both specimens were in good physical condition and actively 
sought to escape the collector. According to Hall and Kelson (The Mammals of 
North America, 1: 185, 1958), eastern Texas is well within the known geographic 
range of E. f. fuscus. McCarley (op. cit. 396) states .. . “The species is probably 
widespread over all parts of east Texas but specimens are not available to verify 
this.” E. f. fuscus has been recorded in eastern Texas by Bailey (N. Amer. Fauna 
25: 211, 1905) and McCarley (loc. cit.) in Trinity, Walker, Hardin, and Marion 
counties. Measurements of the two specimens from Nacogdoches County are as 
follows: total length, 100, 108; length of tail, 40, 36; length of hind foot, 27, 21; 
length of ear, 19, 19; length of forearm, 46, 49; greatest length of skull, 19.4, 20.4; 
width across zygomatic arches, 12.8, 13.0. 

Reithrodontomys humulis merriami J. A. Allen.—McCarley (op. cit.: 405) 
recorded the eastern harvest mouse only from Nacogdoches County. He (loc. cit.) 
mentioned that this mouse was usually not common in any of the areas trapped. 
In the winter of 1959-60, this species seemed more common than in the past in 
certain areas of eastern Texas. One adult male and one subadult female R. h. 
merriami were collected one mile north of Lufkin, Angelina County, on March 29, 
1960, in a fallow field. These specimens (Nos. 896, 897) were the only mammals 
collected in two nights of live-trapping using a modified Sherman trap. Two adult 
males (Nos. 852, 853) were the only mammals collected in 50 museum special 
snap-traps in one night of trapping one mile east of the Stephen F. Austin State 
College Campus. These specimens were obtained in a stand of little blue stem, 
Andropogon scoparius, intermixed with dewberry, Rubus trivialis. Small runways, 
presumably those of R. humulis, were found in abundance along the ground. A 
young adult male (No. 898) was taken one mile south of New Boston, Bowie 
County, on July 3, 1960. This specimen resembles R. h. merriami from Nacogdoches 
County in color of pelage and in cranial characters. Jones and Anderson (South- 
western Nat. 4(3): 153-154, 1959) record R. humulis from eastern Oklahoma at a 
station approximately 110 miles from the New Boston locality. They (loc. cit.) 
obtained only a skeleton and tentatively assigned it to R. h. merriami rather than 
R. h. humulis (whose geographic range lies to the east). The capture of the speci- 
men from one mile south of New Boston fills a hiatus in the geographic range of 
R. h. merriami and supports the supposition made by Jones and Anderson (loc. cit.) 
that R. humulis might occur in northeastern Texas. External and cranial measure- 
ments of No. 898 are: total length, 112; length of tail, 50; length of hind foot, 15; 
length of ear, 10; occipitonasal length, 19.1; zygomatic breadth, 9.6; least inter- 
orbital breadth, 3.3; length of rostrum, 6.8; breadth of crainum, 9.0; depth of 
cranium, 7.9; alveolar length of maxillary tooth-row, 3.2. 

Microtus pinetorum auricularis V. Bailey.—McCarley and Bradshaw (Jour. 
Mamm., 34: 515, 1953) caught pine voles in a grassy marsh one mile east of 
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Nacogdoches, Nacogdoches County. This area was burned in the summer of 1951 
and pine voles were not taken there for a period of nine years. On February 1, 1960, 
an adult female (No. 742) was captured; on December 29, 1960, an adult female 
was also captured in the formerly burned area, indicating the species is still extant, 
though in small numbers. Parmelee (Auk. 71: 469-470, 1954) suggested, on the 
basis of specimens found in barn owl pellets, that pine voles occur in eastern Texas 
in local isolated populations. This can be further substantiated by the occurrence of 
skulls of pine voles in barn owl pellets obtained from Shelby, Sabine, and Newton 
counties in the spring and summer of 1960. 

Mustela frenata arthuri Hall—McCarley (op. cit.: 417) states .. . “I have been 
unable to secure any recent reports of the species around Nacogdoches and Daniel 
Lay reports that to his knowledge none are present in the pine forest region.” An 
adult female (No. 917) was taken 2.8 miles south of Mount Enterprise, Rusk 
County, on July 2, 1960. This animal was hit by a truck early in the morning on 
U. S. Highway 59. The truck was traveling northward approximately 500 feet in 
front of the vehicle in which I was an occupant. The weasel was found near death 
on the edge of the highway. The skull was crushed except for fragments of bones, 
the right canine, left carnassial, upper incisors, several premolars, and the right 
tympanic bulla; the mandible is nearly complete. 

According to Hall and Kelson (op. cit.: 911) Rusk County is within the geo- 
graphic range of M. f. primulina. The specimen from 2.8 mi. S Mt. Enterprise has 
been compared by me with specimens of both M. f. primulina and M. f. arthuri. 
From M. f. primulina (KU Nos. 3326, 3638, 4037, 4348, all from Douglas County, 
Kansas) No. 917 differs in: darker brown dorsally (however, the specimens avail- 
able for comparison were collected in December and January), and pale yellow 
rather than yellow with orange tones ventrally; black tip of tail longer than hind 
feet; in cranial characters there are no appreciable differences; lower jaw slightly 
longer in its greatest length. From M. f. arthuri (TAM Nos. 2537, 2538) No. 917 
differs in: upper lip not white; venter yellowish rather than pale-buff; tympanic 
bulla larger anteromedially than posteromedially. The specimen is not easily refer- 
able to either subspecies. The weasel is tentatively assigned to M. f. arthuri because 
the station of capture is geographically closer to the type locality of that subspecies. 

I am grateful to E. Raymond Hall and J. Knox Jones, Jr., University of Kansas, 
Museum of Natural History, and William B. Davis, Texas A & M Cooperative 
Wildlife Research Collection, for permission to examine certain specimens herein 
discussed. 

A grant-in-aid from the Texas Academy of Sciences provided funds for certain 
portions of this work.—-Robert L. Packard, Department of Biology, Stephen F. 
Austin State College, Nacogdoches, Texas. 


BIOLOGICAL AND DISTRIBUTIONAL NOTES ON SOME TEXAS 
WEEVILS (COLEOPTERA, CURCULIONIDAE.)—The following biological and 
distributional notes on a few species of Texas weevils are presented here as a con- 
tribution to the knowledge of this large family of insects. Specimens on which these 
observations were made are deposited in the collection of the Department of 
Entomology, A & M College of Texas. 

Apion disparatum Sharp—This species was reported (Burke, 1959, Coleopt. Bull., 
13: 36-41) as developing in the flower heads of Petalostemum multiflorum Nutt. 
at College Station during June and July, 1958. Additional observations in the same 
locality in May, 1960 revealed another interesting aspect of the biology of this small 
weevil. At this time small, oval galls were observed on the stems of plants of 
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P. multiflorum growing abundantly around a pond. On close examination almost 
every one of these galls was found to contain a specimen of A. disparatum. All 
developmental stages of this weevil, from egg to adult, were present in the galls, 
and in addition adults were numerous on plants in the immediate vicinity. I 
occasionally found an empty gall with a small emergence hole in the side, indicat- 
ing that the inhabitant had completed a generation and had emerged as an adult. 
From these and previous observations it appears that this weevil is a gall-producer 
early in the season but later moves to the flower heads as a site for oviposition and 
subsequent development. 

Listronotus spp.—Little is known about the biology of most members of this 
genus, except that they usually feed on plants growing in or near water, Henderson 
(1939, Univ. Kansas Sci. Bull., 26: 215-337), in a taxonomic revision of the genus, 
was able to cite definite host plant records for only a few of the 23 species treated. 
Several species have been taken from the stomachs of toads of the genus Bufo, while 
the majority have been most often collected around lights at night, and beneath 
various types of debris or at the bases of plants during daylight. The paucity of 
biological information on these weevils is probably because few species of the genus 
are collected by the usual method of sweeping vegetation during the day. 

Recently I had the opportunity to collect at night on vegetation around a small 
farm pond near Elkhart in Anderson County. The locality seemed ideal for the 
collecting of Listronotus because of the abundance of aquatic and semiaquatic vege- 
tation. However, in several previous visits to this spot during daytime 1 had failed 
to collect any members of the genus. In addition, no specimens had been taken at 
night at an outdoor light of a nearby house. On August 26, 1960, beginning at 
11 p.m., the vegetation around the pond was swept with an insect net for approxi- 
mately 30 minutes. During this period 20 specimens representing seven species were 
taken. These species were: Listronotus ingens Henderson, L. distinctus Henderson, 
L. rotundicollis LeConte, L. nebulosus LeConte, and three undetermined species. The 
weevils collected during this short period of time from a small area represent ap- 
proximately one-half of the species of Listronotus now known to occur in the State. 
It seems that much may be added to our knowledge of the biology and distribution 
of Listronotus by additional collecting at night on vegetation where these weevils 
are thought to occur. 

Anthonomus heterogenus Dietz—Several examples of this species, along with 
large numbers of Macrorhoptrus sphaeralceae Pierce, emerged November 20, 1960 
at College Station from fruit capsules of Sphaeralcea angustifolia (Cav.) collected 
near Presidio, October 26, 1960, by J. R. Brazzel. This is apparently the first 
definite host plant record for A. heterogenus. Davis (1931, Bull. Brooklyn Ent. Soc., 
26: 187-88) collected the species on Sphaeralcea sp. in California but he gave no 
indication as to whether or not it was actually breeding in the plant. 

Anthonomus aeneolus Dietz—This is a common weevil on Solanum elaeagni- 
folium Cav. in Texas. According to Pierce (1907, Ent. News, 18: 356-63) “The 
typical material in this species was bred by Mr. E. A. Schwarz at Columbus, Texas, 
from leaf galls on a Solanum, probably S. elaeagnifolium.” The specific type of gall 
from which these specimens were reportedly reared was not given but from a 
survey of the literature it appears that these may have been galls caused by mites. 
Schwarz (1884, Bull. Brooklyn Ent. Soc., 7: 845) reported finding Anthonomus 
flavicornis Boheman in globular ““acarid” galls on the leaves of Solanum elaeagni- 
folium at Columbus, Texas. However, he later (Schwarz, 1894, Proc. Ent. Soc. 
Wash., 3: 15-17) stated that the weevils previously referred to by him as A. flavi- 
cornis were actually A. aeneolus; therefore, it is assumed here that it was the latter 
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species which he took from mite galls. 1 have not observed A. aeneolus in mite galls 
but have reared many specimens from large, irregularly shaped galls caused by 
nematodes. This species has not previously been noted as an inquiline of nematode 
galls. 

Usually larvae of A. aeneolus develop in the buds of S. elaeagnifolium. The 
larvae complete development in the buds and then pupate in the cavity formed by 
their feeding. In some instances observed, infested buds matured into apparently 
normal flowers and the larvae continued feeding between the anthers. 

The ultilization of nematode galls by A. aeneolus as a site for development was 
first observed on plants of S. elaeagnifolium growing along a roadside near College 
Station. Many of the plants in a rather small area had large, irregularly shaped 
galls on the stems just above ground level. Examination of these galls revealed that 
they contained numerous curculionid larvae and pupae. Examples of the distorted 
stems were brought into the laboratory where two days later adults of A. aeneolus 
began to emerge. Later in the season these galls appeared in the terminals and on 
the leaves, causing considerable distortion of the plants. Weevils continued to 
oviposit and develop in some of the galls while other galls remained free of the 
insects. 

In attempting to determine the organism responsible for the formation of these 
galls Dr. W. H. Thames, Department of Plant Physiology and Pathology, A. & M. 
College of Texas, took from them nematodes which he determined as Ditylenchus 
sp. Thorne (1934, Jour. Agr. Res., 49(8): 755-63) described a species of nematode, 
Ditylenchus phyllobius (Thorne) (=Anguillulina phyllobia Thorne), from galls 
on leaves of Solanum elaeagnifolium in Arizona. A comparison of the Solanum 
galls from Texas with Thorne’s description and accompanying photograph of the 
nematode leaf galls from Arizona shows that they are quite similar. In view of this 
it should be noted that a similar gall from Solanum figured and described by Felt 
(1940, Plant Galls and Gall Makers, Comstock Publ. Co.) as an “Irregular swelling 
of base of leaf and leaf stem, weevil, maker unknown,” was probably also caused 
by nematodes with the weevil being only a secondary invader. 

In addition to the record from Brazos County, A. aeneolus has been found 
developing in nematode galls on S. elaeagnifolium in Williamson, Hidalgo and 
Uvalde counties. Galls were also seen on plants from Martin County but no weevils 
were present in these. 

Haplostethops caviventris Blatchley—Several examples of this species were 
collected by me while sweeping vegetation in roadside ditches in Anderson and 
Madison counties. This record is of interest as H. caviventris has heretofore been 
reported only from Indiana. The Texas specimens agree very well with two 
examples seen from the type locality of Marion County, Indiana.—Horace R. 
Burke. Technical Contribution 3760, Texas Agricultural Experiment Station, De- 
partment of Entomology, A. & M. College of Texas, College Station. 


FICIMIA CANA AND TROPIDODIPSAS FASCIATA (REPTILIA: SER- 
PENTES) IN SAN LUIS POTOSÍ, MEXICO.—Ficimia cana (Cope) is presently 
known from Nuevo León (Smith, H. M., 1944, Zool. Ser. Field. Mus., Nat. Hist., 
29: 139), Chihuahua (Tanner, W. W., and W. G. Robison, 1960, Herpetologica, 
16: 70), Durango (Webb, R. G., 1960, Trans. Kan. Acad. Sci., 63: 296) and Zaca- 
tecas (McCoy, C. J., 1961, Herpetologica, 17: 215) in Mexico. A fifth Mexican 
specimen was collected 23 August 1959, 36 miles south of Matehuala, San Luis 
Potosí, ca. 4500 feet elevation, by the senior author. This individual extends the 
known range 115 airline miles southward on the eastern edge of the Mexican 
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Plateau and is the first from San Luis Potosí. Available locality records indicate 
that the range of F. cana approximates the extent of the Chihuahuan Desert and 
adjacent grasslands as outlined by E. C. Jaeger (1957, The North American Deserts, 
Stanford Univ. Press, Stanford, Calif.,: 33). 

The San Luis Potosí specimen (University of Michigan, Museum of Zoology 
121960) has 132 ventrals, 35 subcaudals, 19 dorsal scale rows on the neck reducing 
to 17 posteriorly, 7-7 supralabials, 6-6 infralabials, 1-1 preoculars, 2-2 postoculars, 
38 light centered body blotches, and 11 tail blotches. It is a male, 225 mm. total 
length; tail 37 mm. A loreal on the right side and 19 anterior scale rows are unusual 
features in F. cana. The stomach contains spider remains. 

H. M. Smith (1956, Herpetologica, 12: 16) listed Tropidodipsas fasciata fasciata 
(Giinther) from Yucatan, Oaxaca, and possibly Veracruz; and P. S. Martin (1958, 
Misc. Publ. Mus. Zool. Univ. Mich., 101: 74) recorded T. fasciata near Gomez 
Farias, Tamaulipas. We have examined a specimen (UMMZ 114445) from Ciudad 
Alemán, Veracruz, which substantiates the occurrence of T. f. fasciata in that state. 
The junior author found a recently killed specimen 11 July 1960, 12 miles south 
of Valles, San Luis Potosí, ca. 300 feet elevation. This is apparently the eighth 
individual of the nominate form to be reported and constitutes the first record 
from the state. It comes from partially cultivated, tropical deciduous forest. 

The San Luis Potosí specimen (UMMZ 121823) has 180 ventrals, 83 subcaudals, 
17 rows of keeled dorsal scales, 21 gray-stippled, white body bands (6 incomplete 
dorsally), 14 white tail bands (2 incomplete), a glossy black ground color, large 
eye, long snout, and posterior chin shields nearly as long as the anterior ones. 
Dorsal head scales and labials cannot be accurately counted due to its damaged 
condition. It is a male, about 575 mm. total length; tail 150 mm. Numerous 
tubercles stud the throat region. It seems noteworthy that Martin's (loc. cit.) 
Tamaulipan specimen, a male, lacks tubercles, gray stipples in the body bands, and 
prominently keeled scales. These features are present in UMMZ 114445, also a 
male. 

We thank Norman Hartweg and Charles F. Walker for permission to examine 
certain specimens and for comments on the manuscript.—Paul Licht and Frederick 
R. Gehlbach, Museum of Zoology, University of Michigan, Ann Arbor. 


A UNILATERAL EYE DEFICIENCY IN CATOSTOMUS LUXATUS.—A 
specimen of Catostomus luxatus (Cope), 522.7 mm. in standard length, received 
from Dr. Carl Bond, lacked a functional left eye (Fig. 1a); the right eye was normal 
(Fig. 1b). The cornea was absent and replaced by normal skin. Dissection revealed 
a somewhat depressed frontal bone just above the orbit. This caused the left orbit to 
be 2 mm. smaller in diameter than the right. 

Dissection further revealed that the abnormal orbit was filled with a fatty mass, 
nearly encapsulating the degenerate eye. The abnormal eye, only 12.0 mm. in 
greatest diameter, in contrast to 29.0 mm. for the normal one, had a tiny optic nerve 
and only the superior rectus muscle. The abnormal orb consisted mainly of the 
much reduced and greatly thickened sclerotics which sent spicules of ossified ma- 
terials into what would have been the cavity of the eye. A retina was not recog- 
nizable. A few dark granules were in the mesial side of the “eye,” which may have 
represented the pigmented layer of the choroid. The optic lobe of the brain was also 
abnormally depressed and wrinkled. The skull abnormality and condition of the 
brain suggests that some accident during ontogeny caused malformation of the eye 
and loss of its ability to cause evocation of the lens and corneal clearing. 

Such anomalies are not uncommon in nature (personal observation), where they 
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range from micropthalmia on one or the other or both sides to complete absence of 
one or both eyes and usually are either teratomic in nature or perhaps the result 
or mutant genes. This one bears a strong resemblance to those of normally regressed 
cave-dwelling forms, with anatomically disorganized histological remnants covered 
by connective tissue and skin (Thines, Symp. Zool. Soc. Lond. 3: 39-52) .—Branley 
A. Branson, Department of Biology, Kansas State College, Pittsburg. 





22 mm 





Ib 


Fig. 1. Abnormal Catostomus luxatus. a, abnormal side; b, normal side. 


ADDITIONAL RECORDS OF AMBYSTOMA ANNULATUM FROM ARKAN- 
SAS AND OKLAHOMA.—Ambystoma annulatum, the least known of United 
States ambystomids, is presently known from nine localities in Missouri, Arkansas, 
and Oklahoma. Trapp (1956, Southwestern Naturalist: Vol. I, no. 2) gives the most 
complete information on the range and natural history of this species to date. Includ- 
ing the new records of Trapp, this salamander is now known from Stone County, 
Camden, and Gasconade County, Arkansas, and from Adair and Sequoyah counties 
in Oklahoma. Trapp failed to mention the record of Blair (1952, Copeia, no. 2) 
from Sequoyah County, Oklahoma. 

I collected two specimens of Ambystoma annulatum from four miles south of 
Stilwell, Adair County, Oklahoma, in May, 1957. The one specimen reported by 
Firschein and Miller (1951, Copeia, no. 1) came from this same locality. The two 
specimens which 1 collected are at present in my private collection. These specimens 
were collected under logs. One of the specimens measures 97.1 mm. from snout to 
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vent and 193.9 mm. in total length. There are four costal folds between appressed 
limbs. The head width is 13.6 mm. and the head length is 18.7 mm. The other 
specimen measures 86.5 mm. from snout to vent, 180.5 mm. in total length, the 
head width is 13.3 mm., and the head length is 16.9 mm. There are also four costal 
folds between appressed limbs in this specimen. 

More recently, I have obtained additional specimens of A. annulatum collected 
by Miss Aileen McWilliam, science teacher in the high school at Mena, Arkansas. 
There are four of these specimens, now in my collection, all collected within the city 
limits of Mena, Polk County, Arkansas. The occurrence of this salamander at Mena 
extends the known range approximately 75 miles westward from Garland County, 
Arkansas, and approximately 100 miles southeastward from Sequoyah County, 
Oklahoma. The finding of this species at Mena supports the contention of Dowling 
(1957, Amph. and Rept. in Arkansas, Occ. Pap. of Univ. of Ark. Mus.) that this 
salamander may be widely distributed over the “Interior Highland Region” of 
Arkansas, Missouri, and Oklahoma, and represents the first record for the Ouachita 
Region. 

One of these Mena specimens was collected October 5, 1959, The other three 
were collected December 10, 1959. Their measurements range from 71.6 mm. to 
91.4 mm. snout-vent length. The total lengths range from 159.5 mm. to 184.4 mm. 
Head widths vary from 11.8 mm. to 14.2 mm., and the head lengths from 15.4 to 
19.1 mm. 

The pattern and the coloration of all these specimens fit the general description 
given by previous authors for Ambystoma annulatum.—Hague L. Lindsay, Jr., 
The University of Tulsa, Tulsa, Oklahoma. 


TWO NOTEWORTHY RECORDS OF BATS FOR OKLAHOMA*—The distri- 
bution of Plecotus townsendi has recently been reviewed by Handley (Proc. U. S. 
Nat. Mus. 110 (3417): 95-246, 1959). The species has an extensive distribution only 
from the foothills of the Rocky Mountains westward. Elsewhere it is known from 
the Edwards Plateau and the Blaine Gypsum and Wichita granite formations of 
Texas and Oklahoma, the Ozark uplift of Arkansas and Missouri, and the Appala- 
chian Mountains of Kentucky and West Virginia. The latter two relict populations 
have been designated P. t. ingens and P. t. virginianus respectively. The Great 
Plains and Rocky Mountain populations have been assigned to P. t. pallescens. The 
typical form, P. t. townsendi, occurs along the Pacific Coast. 

The species seems to be strictly cavernicolous, and 1 have long suspected its 
presence in caves in the Ozark region of Oklahoma. On August 28, 1957, 1 took 
three of these bats in a mist net set in front of Cave Springs Cave in Adair County. 
All three were females, two being adults that had suckled young; the third ap- 
parently was a young of the year. Numerous attempts to find the species in other 
adjacent caves have been unsuccessful, nor has it been found at Cave Springs on any 
of the other occasions when a net has been used there. 

The nearest location in Arkansas where P. t. ingens has been taken is a cave in 
Devils Den State Park, Washington County (Sealander, Amer. Midl. Nat. 56: 
257-296, 1956) approximately 28 miles east of Cave Springs. 

On November 16, 1960, some workmen, who were removing some lumber from 
property adiacent to the Oklahoma State University campus, discovered a solitary 
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bat concealed among the pieces of wood some 8-10 inches above the ground. They 
put it in a glass jar and later gave it to a student, Terry Landrith. When I received 
it, I recognized it to be a silver-haired bat, Lasionycteris noctivagans. This is the 
first time that the species has been found in the state. Sealander (J. Mamm. 41: 
525-526, 1960) has reported two from Arkansas, and Blair (Texas J. Sci. 4: 95-98, 
1952) and Milstead & Tinkle (S. W. Nat., 4: 134-142. October, 1959) have each 
reported one from Texas. The specimen was a male, and on the basis of the sharp 
unworn teeth, profuse silvering of the hair, and inactive condition of the accessory 
reproductive glands, was judged to be a young of the previous summer. The species 
is a tree dweller and summers in boreal latitudes. It is occasionally found in the 
north in winter, hibernating in extremely rigorous situations; but it is presumed 
usually to migrate southward, although there are few records of wintering indi- 
viduals in the southern states. The specimen taken in Stillwater is assumed to have 
been a migrant.—Bryan P. Glass, Department of Zoology, Oklahoma State Uni- 
versity, Stillwater. 


NOTES ON OPHISAURUS ATTENUATUS ATTENUATUS (ANGUIDAE) 

-In the spring of 1957 I moved to a new residence on a 2-acre plot of relatively 
undisturbed tall grass prairie at the south edge of Tulsa. Lizards and snakes were 
common, including Phrynosoma cornutum, Eumeces septentrionalis, Cnemidophorus 
sexlineatus, Lampropeltis c. calligaster, Lampropeltis getulus holbrooki and 
Diadophis punctatus arnyi. Tropidoclonion lineatum was not found that first sum- 
mer nor has it been found since, although it is most ubiquitous on the University 
of Tulsa campus and in the neighborhood where I formerly lived on the east side of 
Tulsa. The western slender glass lizard, Ophisaurus a. attenuatus, was found to be 
especially abundant and was seen on many occasions at all times of the day during 
spring and early summer. On two occasions disturbed individuals took to the water 
of my pond without hestitation and swam some 15-20 feet to waterlily leaves where 
they came to rest. On July 27 a nest containing a female and 11 eggs was found in 
a cavity an inch or two under the ground under a small Rhamnus bush. The female 
measured 242 mm. in snout-vent length and 522 mm. in total length. Of the 11 
eggs two measured (mm.) 20 Xx 16, four 21 Xx 16, two 21 X 17, two 22 « 16 and one 
22 x 17. The female and eggs were placed in a terrarium in the house. On August 
19 it was noticed that all eggs had hatched. The young were measured August 20 
(the first measurement is snout-vent and the second total length): 62, 191; 62, 190; 
63, 200; 64, 196; 64, 193; 64, 198; 64, 196; 65, 194; 65, 198; 65, 199; 66, 198. All were 
then released. On October 19 a 67 mm. snout-vent length individual was found 
active in dry leaves. In the spring and summer of 1958 Ophisaurus were observed on 
only two or three occasions and in subsequent years they have not been seen. It is 
believed that mowing of the tall grass with consequent depletion of the insect popu- 
lation is responsible for their disappearance.—Albert P. Blair, Department of Life 
Sciences, The University of Tulsa, Tulsa, Oklahoma. 


DARTER ASSOCIATES OF ETHEOSTOMA CRAGINI (PERCIDAE).—In 
collecting 13,372 darters in northeastern Oklahoma over an 8-year period Blair 
(Southwestern Naturalist 4(1): 1-13, 1959) found neither Etheostoma whipplei 
nor E. microperca in the same collection with E. cragini. Both associations are to be 
expected. Etheostoma cragini and E. microperca are stenoecious fish of clear cool 
streams but differ in their individual requirements. The optimal microhabitat of 
E. cragini is a spring or spring run filled with watercress, while that of E. micro- 
perca is a Myriophyllum-filled cutoff or backwater pool of a creek. Etheostoma 
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whipplei is an euryecious fish of riffles and pools of clear to muddy streams; it 
ascends the smallest of brooks. It is a common fish of the streams west of Grand 
River and is found in the lower reaches of at least some of the streams tributary 
to Grand River from the east (Earbob Creek, Crutchfield Creek, Spavinaw Creek). 
Etheostoma microperca is widely distributed in the clear streams of the Ozark 
Biotic District of northeastern Oklahoma. Etheostoma cragini has been found in 
four brooks and one creek, all tributary to Grand River from the east; four of the 
localities are less than a mile from Grand River and the fifth less than six miles 
from Grand River. 

September 24, 1960, after catching two or three E. cragini in a small watercress- 
filled brook tributary to Spavinaw Creek near its mouth, we saw but failed to 
capture a large E. whipplei in clear shallow water. The red spots of the E. whipplei 
were obvious and there is no possibility of misidentification since no other darter 
of northeastern Oklahoma has such markings. 

January 25 and April 14, 1961, we found E. microperca abundant in a 
Myriophyllum-filled backwater of Little Spring Creek near the Oklahoma State 
Highway 82 crossing south of Locust Grove. Less than 100 yards away we caught a 
number of E. cragini in a shallow mud-bottomed backwater of a watercress-filled 
brook that empties into Little Spring Creek.—Albert P. Blair and Johanne Windle, 
Department of Life Sciences, University of Tulsa, Tulsa, Oklahoma. 


HYLA AVIVOCA (HYLIDAE) IN OKLAHOMA—The evening of April 28, 
1961, we collected 10 male and one female Hyla avivoca in a small swamp near 
where U. S. Highway 70 crosses Little River between Idabel and Broken Bow, 
McCurtain County, Oklahoma. The males were calling from positions two to eight 
feet above the water in buttonbushes and swamp privets. Three Hyla cinerea were 
found in similar positions but they were not calling. Hyla avivoca is new to the 
Oklahoma fauna and extends the range of this species 175 miles to the west. 

The swamp in question had an area of not more than one acre and a maximum 
depth of approximately three feet at the time we were in it. One of us (Blair) has 
collected in and around this swamp for the last 25 years and has seen it dust dry as 
well as continuous with Little River at flood stage. Among the more prominent 
trees in the swamp are Forestiera acuminata and Planera aquatica. There is no 
cypress (Taxodium distichum) in the swamp but large cypress trees are in another 
small swamp not more than 100 yards away. Among other amphibians we have 
collected in and around the swamp are Rana palustris, Notophthalmus viridescens, 
Plethodon glutinosus, Ambystoma talpoideum, A. texanum, A. maculatum and 
A. opacum. Among other reptiles we have collected Farancia abacura, Ancistrodon 
piscivorus and Anolis carolinensis around the swamp. Among other fish we have 
collected in the swamp are Fundulus notti, Aphredoderus sayanus, Etheostoma 
gracile, E. parvipinne, Elassoma zonatum and Centrarchus macropterus.—Albert P. 
Blair and Hague L. Lindsay, Jr.. Department of Life Sciences, University of Tulsa, 
Tulsa, Oklahoma. 
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